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A FACTOR  ANALYSIS  OP  MEMORY  ABIUTY 


Abstract 

The  purpose  of  this  studj'-  is  to  investigate  the  area  in  the  memory 
domain  concerning  relatively  immediate  intentional  retention.  For 
memory  tests  limited  to  this  area,  is  there  a general  memory  factor} 
if  not,  can  several  distinct  memory  factors  be  identified? 

On  the  basis  of  hypotheses  regarding  the  nature  of  four  memory 
factors,  a battery  of  27  memoiy  tests  was  constructed.  These  tests, 
together  with  13  reference  t^ats,  were  administered  to  [ili2  pilot  cadets 
at  Lackland  Air  Force  Base,  .'-an  Antonio,  Texas..  The  scores  on  the  UO 
tests  were  then  intercorrelated  and  factor-analyzed.  The  multiple- 
grouping method  of  analysis  was  used,  with  the  solution  being  iterated 
twice}  the  resulting  factor  matrix  was  then  rotated  to  oblique  simple 
structure. 

Eleven  factors  were  found,  three  of  which  are  rather  clearly- 
defined  memory  factors}  they  may  be  cal.led  Rote  Memory,  Meaningful 
Memory,  and  Span  Memory.  The  reference  tests  clearly  identify  three 
other  factors  as  Verbal  Comprehension,  Numerical  Facility,  and  Per- 
ceptual Speed.  The  seventh  factor  is  a doublet  representing  the  spe- 
cific variance  of  two  parallel  tests.  The  eighth  factor  is  a triplet 
which  cannot  be  positively  identified.  The  remaining  three  factors 
all  primarily  seem  to  involve  Visual  tasks.  These  factors  seem  to 
represent  Visualization,  Spatial  Relations,  and  Visual  Memory,  but 
the  identifications  are  uncertain  since  there  seems  to  be  confounding 
with  Deductive  Reasoning  and  Psychomotor  Coordination. 


I 


ii 

It  has  been  established  that  in  the  area  of  immediate  intentional 

« 

retention  there  ia  no  general  factor;  three  distinct  factors  in  this 
domain  mere  clearly  identified,  mihile  still  others  mere  suggested.  The 
three  memory  factors  found  seem  to  be  differentiated  in  terms  of  process 
rather  than  in  terms  of  content  or  mode  of  presentation. 
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Chapter  I 

DEHNITION  OF  THE  PROBLEli 
A*  Introduotion 

One  of  the  purposes  of  psychology^  Is  to  attempt  to  uiulsratand  and 
account  for  observable  individual  differences  in  behavior  in  terms  of 
a Usd  ted  nueber  of  concepts  or  ideal  constructs.  The  nasws  given  to 
these  constructs  are  unlmportanti  historically,  seme  of  them  have  been 
termed  "abilities.”  Accepting  this  terminology,  one  can  consider  abili- 
ties as  being,  in  a sense,  determiners  of  behavior,  in  that  the  pres- 
ence of  an  ability  in  an  Individual  enables  him  to  perform  some  task 
suceessfxiUy,  ehlle  the  absence  of  that  ability  renders  the  perform- 
ance of  that  task  unsuccessful.  It  also  may  be  considered  that  an 
individual’s  performance  on  a task  or  "test"  is  determined  in  part  by 
the  abilities  that  are  called  for  by  the  test  and  in  part  by  the  degree 
tc  vhlch  the  individual  himself  possesses  these  abilities.  It  is  de- 
sirable that  the  definitions  of  these  constructs  or  abilities  be  based 
on  behaviors  and  relations  between  behaviors  which  can  be  observed 
experimentally. 

With  acceptance  of  the  model  established  by  these  definitions  it 
becemes  necessary  to  find  some  method  for  analysis  of  the  observed 
test-performance  into  the  two  components  indicated  abowa.  The  methods 
of  factor  analysis  have  been  developed  as  a refined  technique  for  the 
stu4y  of  individual  differences  so  aa  to  obtain  a measure  of  the  extent 
to  iddeh  each  ability  is  called  for  by  each  test|  the  factor  "loadings" 
which  are  obtained  from  the  analysis  are  such  numerical  measures.  It 
is  to  be  noted  that  in  factor  analysis,  as  in  all  other  methods  for 
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the  investlgetl(Hi  of  individual  differenceai  teo  abilities  Kill  be 
differentiated  from  each  other  only  when  (a)  there  is  fairly  iride 
variation  of  both  abilities  from  subject  to  subject  in  the  population 
being  measured,  (b)  the  degree  of  correlation  beteeen  these  teo  abili- 
ties is  fairly  low  in  the  population  being  tested,  and  (c)  measures  of 
tests  are  being  used  ehlch  depend  to  different  degrees  upon  each  of  the 
two  abilities*  These  points  are  discussed  by  Thurstone  (61,  pp.  ^-67)* 

The  factor  analysis  itself  will  not  Identify  the  nature  of  the 
abilities  revealedi  this  Identification  remains  the  problem  of  the  psy- 
chologist. How  then  is  the  nature  of  each  of  these  abilities  which  the 
factor  analysis  distinguishes  to  be  determined?  In  order  to  identify 
a factor  one  must  look  at  all  the  tests  with  high  loadings  on  that 
factor  and,  keeping  in  mind  the  tests  with  no  loadings  on  it,  then  try 
to  infer  the  nature  of  the  process  underlying  or  identifying  the  factor. 

If  an  ability  model  such  as  is  presented  above  is  to  be  used  to 
describe  behavior,  the  question  arises  as  to  the  nuober  and  nature  of 
abilities  which  are  necessary  to  account  for  human  behavior.  For  eon- 
venlence,  behavior  may  be  roughly  classified  into  certain  groups,  or 
domains,  such  as  the  memory  domain  or  the  reasoning  domain.  Since 
much,  if  not  most,  human  behavior  involves  memory  of  one  kind  or  another, 
it  becomes  important  to  know  the  factorial  structure  of  the  msmory 
domain*  The  simplest  possible  structure  that  could  exist  would  be  a 
general  factor  of  memory,  i.e.,  memory  would  be  a xudtary  trait.  Is 
this  true?  It  seems  very  unlikely  both  on  the  basis  of  one's  oen 
personal  experience  and  on  the  basis  of  past  psychological  experimenta- 
tibh.  The  following  qusatlcms  may  then  be  raisedt  Is  the  memory  func- 
tl(m  differentiated  foi'  the  several  modalities  of  presentation?  Does 
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lamwdlate  nemory  InvolTB  the  same  ability  as  that  ixiTolved  in  the 
memory  of  paat  experience  even  trtien  the  subject  makes  no  special  effort 
to  remember  the  experience?  Is  relatively  immsdia^  intentional  reten- 
tion a unitary  trait}  if  not,  how  does  it  vary — e«g«.  with  content  or 
type  of  material,  mode  of  pre^ientation,  modality  of  presentation,  psy- 
chological processes  involved? 

B.  Review  of  the  Literature 


What  light  has  been  shed  on  the  problem  of  memory  ability  or  . 
abilities  by  previous  research?  In  sunnariting  the  relevant  evidence 
it  is  convenient  to  divide  the  literature  into  three  classes:  non- 

correlatlonal  studies,  correlaticaial  studies,  and  factor-analytic 
studies. 

1«  Hon-correlational  studies. 

Typical  findings  include  the  following: 

In  memorising,  some  subjects  make  use  of  visual  imagery  while 
others  use  auditory  imagery.  The  power  of  recalling  the  memory-image 
varies  with  different  persons  (30). 

Transfer  studies  in  general  yield  no  evidence  to  support  the 
hypothesis  of  a general  memory  function}  there  is  no  general  memory 
improvement  as  a result  of  practice.  Some  of  the  variables  which 
affect  the  amount  of  transfer  are:  kind  of  material,  method  of  pro- 
cedure, imagery,  and  logical  orranisation  of  the  material  (^). 

Some  subjects  learn  faster  by  auditory  presentation  tdiile  others 
learn  faster  by  visual  presentation.  However,  in  general,  subjects 
who  learn  easily  by  one  method  also  learn  easily  by  the  other  (76). 
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2.  Correlational  atttdl«8> 

Typical  findings  include  the  folloeing: 

In  general,  the  correlationa  between  memory  tests  are  positiwa, 
but  many  of  these  correlations  are  quite  low  U9)» 

There  is  evidence  which  tends  to  indicate  that  memory  ability  is 
specific  for  different  types  of  material  learned  (2,  37) » 

Within  the  same  type  of  material,  high  correlations  exist  between 
scores  on  visually-presented  and  scores  on  auditorily-presented  tests 
(7|  31)*  (Both  of  these  studies  are  deficient  in  that  very  few  subjects 
were  used.) 

The  evidence  regarding  recall  vs.  recognition  is  conflicting. 

Some  investigators  feel  that  differences  in  type  of  content  cause  less 
fluctuation  than  do  differences  in  testing  methods,  idille  other  in- 
vestigators feel  that  the  material  to  be  learned  is  more  important 
than  the  method  of  testing  retention  (l^). 

The  indication  la  fairly  clear  that  different  factors  are  operat- 
ing in  substance  and  rote  memory.  When  material  and  procedure  are 
held  constant,  the  correlations  between  meanrlting  ideas  and  memorising 
exact  words  is  still  low.  The  correlation  between  immediate  recall 
for  related  and  unrelated  material  is  also  low  (29,  39,  71). 

The  evidence  regarding  meaory  span  is  conflicting.  These  studies 
do  not  make  clear  the  extent  to  which  memory  span  is  general  or 
specific  for  type  of  material  and  for  modality  of  presentation  (8). 

Correlationa  between  memory  tests  and  aptitude  teats  depend  to 
some  extent  upon  the  content  to  be  memorised  (^). 
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3.  r«otcrHBrMJjt4c  atudl^i. 

For  oonTonionM  ttMoo  otudloo  ftoor  bo  dlvidod  Into  conorol-foctor 
•tudioi  and  Bultiplo-taetor  atudioai  thla  divlaion  la  oado  in  tonw 
of  tho  Mthod  of  factor  analjBla  uaod. 
a>  Qonaral-f actor  atodioa* 

In  auHiarlaing  tho  roaulta  of  genoral-faetor  studios  up  to  1927* 
Spoaiman  (^)  caao  to  tho  following  conclusions! 

(1)  Tho  correlations  botwoon  ooooiy  tosts  aro  not  accountod 
for  Iqr  "f"  factor  alono* 

(2)  Thoro  aooM  to  be  a dlatlnotlon  betwoon  logical  and 
rote  woo cry  In  that  *g"  is  present  In  tho  foroor  and  ^aont  In 
tho  lattor. 

C ) 

(3)  Thoro  sooos  to  bo  a group  factor  of  SMsiory,  but  It  is 
tory  saall* 

(U)  Caroy  (^.  found  a sonsoryHMaory  grotqp  factor 
which  was  canon;  to  tosts  prosontod  both  visually  and  auditorily. 
(All  notorial  was  non-vorbal.) 

(5)  Both  Abolson  (1)  and  Carothors  (16)  found  a group 
footer  in  Tsrbol  swoorios* 

(6)  Krusfor  and  Spoaroan  (U^)  found  a group  factor  in  non- 
wsrbal  synbolie  oooorios. 

(7)  Ho  gro!9  factors  wsro  found  to  distlnguiah  botwoon 
ionodioto  and  dolayod  aooory  or  botwoon  rooall  and  roopgnition. 

(8)  Spoansan  atatod  way  of  gonsral  oonolusiont  "Hhon 
two  kinds  of  noaoiy  rosonblo  oaoh  other  only  in  the  bars  fact  of 
both  inrolwing  rotontlrity,  tho  eorrolatlon  arising  fron  this 
oauso  is  Uttlo  if  at  all  above  aoro*  In  proportion  as  tbs 
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likaiiMa  b«t«Mn  thM  la  au0Mntad  liy  raaaatblanea  of  mtarlal — 
for  inatanca,  hsr  both  baing  aanaory,  ar  by  both  balng  'rarbal — 
tha  corralatlm  baeoaes  aora  aaricad."  <^,  p.  290.) 

Trvaan  L.  Kallay  (IjU)  raportad  a single  group-factor  of  aaaory* 
Roaaaar,  only  four  aeaory  tasts  aare  included  In  tds  battary  of  nina 
tasts,  and  thesa  four  teats  aara  aary  siallar  in  nature.  Kallay  states 
that)  "The  claim  that  one  is  possessed  of  *neaiories*  rather  than  a 
*manory  ability*  mould  seam  not  to  be  fully  justified.  There,  of 
eouraa)  must  be  memories  dependent  upon  the  material  involTsd,  but  tha 
readiness  mith  id\ich  this  material  can  be  memorised  mould  seam  to  ba 
general. " (UU,  p.  108.)  He  further  recommends,  homever,  that  this 
conclusion  ba  tasted  in  additional  studies  by  memory  tasts  mhich  differ 
from  each  other  more  radically  than  did  tha  four  tasts  used  bf  blm. 

Qarratt  (2U)  raportad  three  group-factors,  but  since  the  dsscrip- 
tlons  of  his  tasts  are  so  inadequate,  only  tha  Number-Span  Factor  can 
ba  idantified.  Ha  was  not  interested  in  identifying  these  group  fac- 
tors) rather,  ha  dropped  all  but  one  test  from  each  group  and  than 
found  a common  general  factor.  He  tentatl-rely  suggests  that  this  is  a 
general  memory  factor  rather  than  being  "g."  A reanalysls,  by  the 
author,  of  Garrett's  memory-test  data  bF  multiple-factor  techniques 
revealsd  three  factors  which  might  perhaps  be  identified  as  Span  Memory, 
Meaningful  Memory,  and  Rote  Memory.  For  the  reason  given  above,  the 
identifications  of  the  last  two  factors  are  only  very  tentative. 

Anastasl  (3)  reported  a small  general  memory  factor)  however,  no 
memory  span  tests  mere  Included  in  her  battery.  Later  (U),  homever, 
she  concluded  that  the  common  factor  previously  found  was  not  a 
general  mmory  factor  and  that  a coamon  factor  in  memory  tests  seemed 
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dtflMd  «t  waorjr  for  « cortaln  typo  of  notorial  rather  than  memorj 
tostod  hy  aoM  one  aathod.  In  fact,  she  suggeated  that  the  cannon 
factor  proTiovttly  foaod  could  hare  reproaonted  apeclal  devicoa  for  the 
rote  nanorlaatlOB  of  nerbal  natmrlal. 

Bolton  (9)  tentatl'valy  concluded  that  nenory  la  not  a unitary 
trait,  but  he  node  no  attn^pt  to  identify  the  nattre  of  the  aeuaral  group 
fMtcrs. 

Holsinger,  Hamw,  and  Snineford  (32>  3jt,  3$,  |6)  reported  the 
appearance  of  a nenory  group  factor  in  aeaeral  of  their  bi-factor 
atudiea.  RoueTar,  the  testa  used  in  the  Tarioua  studies  did  not  ousr- 
lap  in  such  a way  as  to  show  »hat  the  group  factor  found  was  always 
the  saw  factor*  An  ezaalnation  of  the  tests  indicates  that  in  one 
study  (^)  perhaps  the  group  factor  night  be  Span  Uenory,  while  in 
other  studies  it  ni^t  be  Rote  Menory. 

▼emon  (68)  rejected  the  idea  of  a unitary  group  factor  for  nenory. 
"Probably  there  eadst  several  snail  group  factors,  each  representing 
nenory  for  a certain  narrow  range  of  naterlal*  In  other  words,  there 
nay  be  seteral  different  types,  but  no  single  entity,  of  nenory*" 

(68»  PP»  152-153.)  Later  (^,  p.  U9)  Vernon  stated  that  rote  nenorla- 
ing  was  the  only  substantiated  nenory  faculty* 

E^enck  and  Halstead  (20)  concluded  that  there  was  not  oTsn  a 
general  nenory  factor  in  their  test  battery,  nuch  less  several  group 
nenory  factors.  They  contended  that  all  fifteen  nenory  tests  in  their 
battery  were  neasurlng  only  the  ”g"  factor  of  general  Intelligence, 
and  that  if  there  ins  a general  factor  of  nenory,  "...no  asaessnent  of 
nenory  ability  is  possible  by  the  use  of  the  tests  exanined."  (20. 
p*  178.)  However,  Vernon  (1^)  stated  that  this  result  was  due,  at 
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l»«8t  in  party  to  the  unusual  heterogeneity  of  the  subjects  in  "g." 
Hence,  since  this  study  Is  besed  on  only  60  subjects,  and  since  the  re- 
sults are  in  clear  opposition  to  virtually  all  current  results  of  other 
investigators,  this  conclusion  cannot  be  accepted  eithout  further  ex- 
perieental  support. 

Spearman  and  Jones  (^)  give  a general  ausaiary  of  this  eork  in 
their  chapter  '<n  retentivity  and  memory.  These  authors  feel  that  there 
has  been  "•••an  almost  universal  deficiency  in  factorlzatltm  of  memory 
•••in  that  the  field  is  liable  to  be  (so)  greatly  extended  that  little, 
if  any,  of  it  la  covered  adequately."  (55»  P*  178 •) 

b.  Multiple-factor  studies. 

Wolfle  (7U)»  in  his  review  of  factor  analysis  studies,  reported 
that  a memory  factor  mas  the  fourth  most  freq^ntly  identified  factor. 
He  stated  that  it  is  best  tested  by  paired  association  or  recognition 
tests  of  recently  learned  material  and  that  perhaps  it  might  better  be 
called  rote  learning  or  immediate  memory.  Both  Anastasl  (2,  Uf  see 
above)  and  Carlson  (^|  see  below)  reported  several  memory  factors, 
but  the  identifioatlons  seemed  Inadequate. 

Bryan  (U)  studied  the  memory  ability  of  young  children.  She  re- 
ported a general  memory  factor  throughout  her  battery  of  ten  msmory 
tests I a vocabulary  test  and  the  Stanford-^lnet  Intelligence  Test  also 
mere  high  on  this  general  factor.  A second  factor  mas  interpreted  as 
a doublet  factor  between  two  span  msmory  tests,  while  a third  factor 
was  not  Interpreted.  It  seems  clear  from  her  report,  however,  that  no 
effort  was  made  to  rotate  the  axes  to  psyohologloally-meaningful  posi- 
tims  before  the  factors  were  interpreted. 
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Garr«tt  (2$)  reanalysed  Bryants  data,  omitting  the  intelligance 
teat  from  the  battaiy.  He  extracted  four  factors  and  rotated  the  axes 
orthogonally  bsfore  making  hie  interpretations.  He  identified  teo  of 
the  factors  as  Hemory  and  Sequences,  idiile  the  other  two  he  only  very 
tentatively  identified  as  Verbal  Expression  and  Manipulation.  Tte 
vocabulary  test  appeared  with  only  a low  loading  on  the  Memory  factor} 
its  highest  loading  was  on  the  Verbal  Expression  factor.  Although  the 
results  were  far  from  clear-cut,  Garretr  felt  that  his  result  " . . .prob- 
ably substantiates  Bryan's  claim  for  a general  memory  factor  through 
her  testa..."  (2$,  p.  289). 

Garrett  (^)  also  reanalyzed  two  of  the  sets  of  data  reported  by 
Anastasi  (3,  U),  sdiose  results  have  been  suomarized  above.  In  re- 
analysing  the  data  from  (3),  Garrett  reported  four  orthogonal  factors 
idiich  he  called  Memory,  Word,  Humber,  and  Form.  In  his  reanalysis  of 
the  first  set  of  data  from  (U),  Garrett  reported  three  oblique  factors 
which  he  called  Nvolber,  Memory,  and  Verbal;  the  NuiM>er  and  Verbal 
factors  were  correlated  .2U,  but  the  Memory  factor  was  uncorrelated 
with  either  of  them.  He  concluded  that  the  re analyses  had  verified 
Anastasi *8  finding  that  in  adult  groups  memory  is  independent  of  verbal 
and  number  abilities.  In  both  these  analyses,  the  Memory  factor  seems 
to  represent  some  sort  of  rote  memory  for  unrelated  material;  Garrett 
did  not  reanalyze  the  data  which  led  Anastasi  to  the  conclusion  that 
there  is  no  single  cosnon  memory  factor. 

Carlson  (1$)  studied  immediate  memory  for  words.  He  anticipated 
three  factors:  Visual  Rote  Memory,  Vocal  and/or  Subvocal  Rote  Memory, 
and  Logical  Memory.  However,  all  material  was  presented  visually 
and  only  reoognltion  tests  were  used.  Eight  factors  were  found,  but 
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th«  i ntarpr* t«ti oua  ««r«  too  •qulTocal  to  ottablish  or  rvfute  th® 
hypotheses.  Carlson's  Intarpratatlons  of  factors  aarat  a ganaral 
MBory  factor,  three  Tlsual  Msory  factors  instead  of  onlyr  cm,  a man- 
Ingful  maory  factor,  and  three  unintarpm table  factors.  Hesknessas  in 
this  study  include  lack  of  reference  tests  and  experimntal  dependeiwe 
betaaen  teats. 

Thurstone  (^,  reported  a aeaory  factor  as  om  of  his  primary 
mental  abilities;  this  factor  seems  to  represent  Rote  liemory,  including 
both  recall  and  recognition  tests. 

Woodrow  (75)  reported  a memory  factor  ahich  probably  is  Span 
Hemory,  although  it  night  be  Rote  Uemory. 

Brener  (10)  factor-analysed  a battery  of  ten  memory  span  testa. 

All  tests  ware  presented  either  visually  or  else  visually  and  auditorily 
simultaneously.  The  material  used  included  geometrical  designs,  colors, 
digits,  consonants,  nonsense  syllables,  words,  and  sentences.  Hs  re- 
ported a general  factor  and  three  group  factors;  he  identified  the 
general  factor  as  Uemory  Span  and  the  group  factors  as  Verbal,  Visual 
or  Spatial  Imagezy,  and  Speed  of  Reading  or  Speed  of  Apprehension.  The 
identifications  are  not  clear,  due  to  lack  of  reference  tests  and  the 
small  nuaber  of  tests  in  the  battery. 

Karlin  (l^,  I4I)  investigated  the  factorial  structure  of  auditozy 
function.  In  his  early  analysis  of  only  audlt>ory  tests  (UO),  he  identi- 
fied three  factors  as  Retentivity  or  Memory  for  Elements,  Tonal  Sensi- 
tivity, and  Memory  for  Form.  In  his  later  analysis  (1^)  he  reported 
eight  identifiable  factors,  three  of  which  were  related  to  memory.  He 
distinguished  between  a General  Span  Factor,  which  was  Independent  of 
sense  modality,  and  an  Auditory  Span  Formation  Factor,  uhieh  ".^.is 
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not  « memory  fMtor  priaarily."  (1A»  p*  270.)  Karlin  did  not  nsa  any 
of  the  tgrpos  of  testa  ordinarily  nsed  to  neasure  OMBory  span,  and  it 
is  sosMsIhat  unelesr  just  how  such  tests  adbsinistered  auditorily  would 
fit  into  this  type  of  atraeture*  Another  factor,  idiich  transcended 
sense  aodality,  was  identified  as  Incidental  Closure)  the  tests  with 
large  projections  on  this  factor  all  involved  recall  of  the  completion 
type.  These  studies  still  leave  unanseered  the  question  as  to  how  these 
auditory  tests  are  related  factorially  to  other  more  common  types  of 
memory  teats. 

On  the  basis  of  several  analyses,  the  U.  S.  Army  Air  Force  (27) 
reported  three  memory  factors.  Regarding  11^,  Paired-Associates  Memory, 
the  Air  Force  stated  that,  "It  is  involved  in  tasks  requiring  memorisa- 
tion of  items  in  pairs,  and  is  evaluated  by  an  immediate  test  of  re- 
tention and  recognition."  (27»  p.  623.)  About  Visual-Memory,  they 
stated,  "It  is  prosdnent  in  tests  requiring  the  retention  and  recall  of 
a pictorial  stimulus  after  very  short  time  Intervals.  The  length  of 
time  interval  may  be  an  irrelevant  condition  in  this  as  in  factor  M^." 
(2^,  p.  823 «)  Factor  M^  was  not  given  an  identifying  title)  the  state- 
ment was  made  that,  "This  memory  fadtor  seems  to  be  restricted  to 
memorising  paired-associates  material  in  shlch  one  item  is  a pictorial 
symbol  and  the  other  is  a verbal  symbol."  (^,  p.  623.) 

Thurstone  considered  the  problems  of  memory  factors  in  a number 
of  reports  from  his  University  of  Chicago  Psychometric  Laboratory  (60, 
6j3»  <^).  He  stated  that  three  memory  factors  had  been  isolated. 
Faetor  he  identified  as  representing  the  ability  to  learn  paired 
associates)  this  factor  .seems  to  transcend  the  nature  of  the  con- 
tent so  that  it  is  applicable  to  numerloal,  verbal,  or  visual  material." 
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(^>  p.  6.)  Factor  M2  was  thought  to  ba  aaaociated  with  incidental 
memory,  and  factor  M^  teemed  to  represent  the  ability  to  keep  in  mind 
some  perceptual  detail.  In  addition  to  these  three  factors,  Thurstone 
felt  that,  "There  is  good  indication  that  auditory  memory  is  not  the 
sme  ability  as  visual  memory."  (62,  p.  2.)  He  also  stated  that  there 
is  an  indication  of  another  memory  factor  "...that  may  be  concerned 
with  memory  for  temporal  sequences  as  distinct  from  paired  associations." 

(60,  p.  6.) 

Jones  (38),  in  another  study  from  Thurstone' s Psychometric  Labora- 
tory at  the  University  of  Chicago,  found  two  memory  factors.  Factor  D 
he  interpreted  as  a memory  span  factor,  representing  "...the  ability  to 
reproduce,  immediately  after  presentation,  a sequence  of  disconnected 
elements"}  he  felt  it  likely  that  "...the  process  underlying  memory 
span  performance  differs  from  that  required  for  the  memory  of  paired 
associates."  (38,  p.  6.)  Factor  E was  tentatively  identified  as  repre- 
senting "...an  ability  for  verbatim  recall  of  meaningful  verbal  ma- 
terial." (^  p.  7.) 

Rlmoldl  (^}  factor-analysed  a battery  of  nineteen  non-verbal 
identifiable  factors.  One  of  these  factors, 
which  he  identified  as  a memory  factor,  seemed  to  be  measured  primarily 
by  memory  span  tests. 

Zimmerman  (78)  re-rotated  the  factor  matrix  from  Thurstone* s Pri- 
mary Mental  Abilities  study  (^).  He  reported  two  memory  factors. 

Rote  Memory  and  Memory  for  Observed  Relationships,  instead  of  the 
single  memory  factor  found  by  Thurstone.  The  Memory  for  Observed  Rela- 
tionships factor  was  only  very  tentatively  identified,  with  the  sugges- 
tion that  perhaps  it  is  memory  for  ideas  as  opposed  to  rote  memory. 
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French  (^)|  In  hla  survey  and  suanary  of  factor  studies,  sug- 
gested four  memory  factors  ehlch  he  termed  Associative  or  Rote  Memory, 
Musical  Memory,  Span  Memory,  and  Visual  Memory.  In  the  light  of  the 
studies  reviewed,  French  raised  the  following  questions: 

(1)  la  Span  Memory  distinct  from  Rote  Memory?  Both  factors 
have  never  appeared  in  a single  study. 

(2)  Will  Rote  Memoiy  bx^ak  into  two  factors,  recall  and 
recognition?  This  seems  unlikely,  but  the  evidence  is  unclear. 

(3)  Is  Musical  Memory  distinct  fron  Rote  Memory?  (The 
further  question  might  be  raised  as  to  whether  this  factor  is  re- 
stricted to  music  or  whether  it  might  not  instead  be  comnon  to  a 
larger  class  of  auditory  tasks.) 

(1:)  What  is  the  nature  of  Visual  Memory?  The  evidence  for 
the  factor  is  very  thin,  though  it  seems  clearly  separate  from 
Rote  Memory. 

c.  Evaluation  and  criticisms  of  factor  studies. 

In  general  there  seem  to  be  three  main  points  of  wsakness  in 
previous  factor  studies  in  the  domain  of  memory  ability.  The  first 
weakness  which  might  be  pointed  out  is  that  many  studies  are  too  narrow 
to  reveal  the  extent  of  and  interdependencies  among  the  different  fac- 
tors in  the  memory  domain}  the  studies  have  used  too  few  memory  tests, 
i«e.,  the  sample  of  types  of  memory  tasks  was  too  small  to  clearly 
delimlt  the  factors.  This  narrowness  is  largely  due  to  the  fact  that 
most  of  the  studies  were  primarily  concerned  with  problems  in  domains 
other  than  that  of  memory. 

A second  point  of  weakness  which  has  been  fairly  comnon  regards 
the  matter  of  experimental  dependence  among  tests  in  the  test  battery. 
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Thurstone  (61)  has  shown  that  when  tests  in  a battery  are  experimentally 
dependent  upon  one  another,  the  factor  structure  is  seriously  disturbed, 
with  extra  factors  being  added  to  the  structure.  Since  such  an  extra 
factor  usually  involves  only  a very  small  nvmber  of  tests,  the  rotational 
and  interpretatlonal  problems  are  made  much  more  complex,  especially  if 
there  are  several  such  factors  in  a single  study. 

The  third  weakness  which  may  be  mentioned  is  the  lack  of  reference 
tests  in  some  of  the  analyses;  when  such  tests  are  cmdtted  from  the 
analysis,  the  rotation  of  the  factors  to  meaningful  positions  and  their 
subsequent  Interpretation  is  rendered  more  difficult  and  questionable. 

d.  Unanswered  questions. 

Of  the  many  questions  which  have  been  raised  by  the  studies  dis- 
cussed above,  this  study  will  seek  to  find  answers  to  the  following; 

(1)  Is  Rote  Memory  a distinct,  separate  factor? 

(2)  Is  Meaningful  Memory  a distinct,  separate  factor? 

(3)  Is  Span  Memory  a distinct,  separate  factor? 

(U)  Are  each  of  these  three  factors  independent  of  the 
modality  of  presentation  of  the  test  material? 

(5)  Are  each  of  these  three  factors  independent  of  the  type 
of  test  material  used? 

(6)  Is  Visual  Memory  a distinct,  separate  factor? 

(7)  Are  each  of  these  four  factors  independent  of  the  method 
used  in  testing  retention? 
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C*  Hypotheses  To  Be  Tested 

In  order  to  obtain  some  Information  pertinent  to  the  anseering  of 
the  above  questions,  the  nature  of  four  memor7  factors  was  postulated 
as  follows: 

1,  Rote  Memory.  The  ability  to  recall  learned  meaningless  ma- 
terial. 

2«  Meanlngf\il  Memory.  The  ability  to  recall  learned  meaningful 
material. 

3.  Span  Memory.  The  ability  to  recall  perfectly  a series  of  unre- 
lated items  after  only  one  presentation  of  the  series. 

U.  Visual  Memory.  The  ability  to  recall  material  learned  by  the 
formation  of  an  image  of  a whole  visual  field. 

Additional  factors  might  be  postulated,  such  as  Auditory  Memory 
(of  one  or  more  types)  and  Incidental  Memory  (of  one  or  more  types), 
but  no  attempt  will  be  made  to  investigate  such  factors  in  this  study. 

On  the  basis  of  the  four  hypotheses  formulated  above,  a battery 
of  memory  tests  was  constructed  by  the  author.  Each  test  was  intended 
to  measure  primarily  one  of  these  four  factors,  with  an  attempt  being 
made  to  vary  the  task  as  much  as  possible  within  the  limits  of  the 
stated  hypotheses.  Both  visually-presented  and  auditorily-presented 
span  tests  were  Included  in  the  battery.  Although  no  Auditory  Memory 
Factor  was  expected  in  this  battery,  several  auditorily-presented 
non-span  tests  eere  Included  in  order  that  such  a factor  might  be  iden- 
tified if  it  should  appear.  Both  verbal  and  non-verbal  tests  were 
constructed  in  the  attempt  to  measure  Meaningful  Memory.  Answer  types 
included  primarily  the  traditional  recall  and  recognition  types,  to- 
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geth«r  with  aone  true-false  and  vultlple-choice  items.  The  tests  will 
be  described  in  detail  in  the  following  ^apter. 
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Chapter  II 

DESCRIPTION  OF  THE  TEST  BATTERY 


The  deecrlptihna  of  ihe  experXcantal  tests  below  are  divided  into 
groups  In  teras  of  the  factor  of  which  each  test  was  designed  to  be 
prlaaril7  a sMasure.  The  tests  were  numbered  consecutively  in  ttM 
order  in  which  they  were  administered;  this  adninistration  number  is 
given  preceding  the  title  of  the  test.  Appendix  A contains  the  direc- 
tions pages  for  each  test,  arranged  in  order  of  administration;  in  al- 
most every  case  these  directions  contain  sample  problems.  All  of  the 
memory  tests  used  in  this  study  were  administered  as  group  tests. 

A*  Rote  Nemory  Tests 

7.  Recognition  Test  I.  (Syllables) 

Type  of  task:  The  examinee  must  indicate  for  each  syllable  in 
the  test  list  whether  or  not  that  syllable  was  in  the  list  of  sylla- 
bles idiich  he  studied  previously. 

Nuaber  of  items:  18  syllables  to  be  recognised  from  list  of  36. 
Timet  1 minute  study  time. 

Score t Number  correct. 

17.  Recognition  Test  II.  (Words) 

Type  of  taskt  The  examinee  must  indicate  for  each  word  in  the 
test  list  whether  or  not  that  word  was  in  the  list  of  words  which  he 
heard  previously.  The  words  used  are  two-syllable  nouns  which  are 
unrelated  to  each  other. 

Nuaber  of  items t ZS  words  to  be  recognised  from  list  of  50. 
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TiJiat  Words  rssd  eloud  at  rats  of  approxiac*’sly  2 sseonds  aaoh. 
Score : Nusber  eorrset. 


23.  Rscognltlon  Teat  III.  (Fieuras 


Type  of  task:  The  examinee  must  Indicate  for  each  geometrical 

figure  or  symbol  In  the  test  group  ehether  or  not  that  figure  was  in 
the  group  of  figures  ehich  he  studied  previously. 

Number  of  items:  UO  figures  to  be  recognized  from  group  of  80. 
Timet  1 minute  study  time. 

Score:  Nximber  correct. 


3.  Memory  for  Syllables  Test  I, 


Type  of  task:  The  exasdnee  must  learn  pairs  of  nonsense  syllables 

so  that  ehen  he  la  presented  with  the  first  syllable  of  a pair  he  can 
reproduce  the  second  syllable. 

Nvmber  of  Items:  2 parts,  administered  consecutively)  6 pairs 

per  part. 

Time:  1 minute  study  time  for  each  part. 

Score:  Number  correct. 


22.  Memory  for  Syllables  Test  II. 


Type  of  task:  This  test  is  a parallel  form  of  test  3,  Memory  for 
Syllables  Test  I,  using  different  nonsense  syllables.  The  examinee 
must  learn  pairs  of  nonsense  syllables  so  that  when  he  is  presented 
with  the  first  syllable  of  a pair  he  can  reproduce  the  second  syllable 

Number  of  items:  2 parts,  administered  consecutively)  6 pslrs 

per  psrt. 

Time:  1 minute  study  timm  for  each  part. 

Score:  Number  correct. 
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18«  Itwiory  for  Huabers  Taat. 

Typs  of  tuk:  Th«  oxaBlMo  must  learn  padre  of  words  end  nuwbere 
so  that  when  he  is  presented  with  the  word  qf  a pair  he  can  reproduce 
the  ntaiber. 

Nuaber  of  items:  2 parts,  adhainistered  eonsecutiwelyi  12  word- 

number  pairs  per  part. 

Time:  1 minute  study  time  for  each  part. 

Score:  Nusiber  correct.  (Owing  to  an  error  in  the  preparation  of 

the  test,  the  first  part  had  only  10  possible  correct  answerS)  so  the 
total  possible  score  was  22  rather  than  2U.) 

6.  Memory  for  Words  Teat  I>  (Unrelated  words) 

Type  of  task:  The  ezasdnee  must  learn  pairs  of  unrelated  one- 
syllable  nouns  so  that  when  he  is  presented  with  the  first  word  of  a 
pair  he  can  reproduce  the  second  word. 

Niudber  of  items:  2 parts,  adninistered  consecutively)  10  pairs 
per  part. 

Time:  Pairs  read  aloud  twice  at  rate  of  approodmately  2 seconds 
per  pair,  then  first  word  of  each  pair  read,  allowing  ample  time  for 
recording  of  responses. 

Score:  Number  correct. 

B»  Meaningful  Memory  Tests 

27.  Memory  for  Words  Test  II.  (Related  words) 

Type  of  task:  The  examinee  must  learn  pairs  of  related  nouns  so 
that  when  he  is  presented  with  the  first  word  of  a pair  he  can  npro- 
duce  the  second  word. 
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Nvmb«r  of  iteaa:  2 parts,  a<telnlst«red  eonsaeutl'volyt  25  pairs 

per  part. 

TIm:  seconds  study  tine  for  each  part. 

Score:  Nuaher  correct. 

2$.  Sentence  Conpletlon  fast. 

Type  of  task:  The  exsadnee  must  learn  a group  of  unrelated  sen- 

tences so  that  ehen  he  is  presented  with  a sentence  with  one  eord 
onitted  he  can  reproduce  the  missing  word.  When  studying  the  sentence, 
the  examinee  does  not  know  idiich  word  will  be  osdtted. 

Number  of  items!  UO  sentences. 

Timet  U minutes  study  time,  then  delay  of  approximately  10 
sdnutea  (during  which  teat  26,  Memory  for  Instructions  Teat,  is  adsin- 
Istered)  before  testing. 

Score!  Number  correct. 

2U.  Memory  for  Relations  Test. 

Type  of  task!  The  examinee  must  learn  a group  of  3 z 3 progres- 
slre  aatrlcas  of  raried  content  (including  letters,  numbers,  names  of 
months,  and  geometrical  designs)  so  that  when  he  is  presented  with  the 
upper  left-hand  cell  of  a matrix  he  can  reproduce  whichever  of  the 
other  cells  is  called  for.  (Actually,  only  cells  5»  6,  8,  and  9 were 
required  as  responses}  cells  2,  3>  U,  and  7 mere  not  tested.) 

Number  of  items!  lU  matrices. 

Tims:  6 minutes  study  tine. 

Score:  Nuaiber  correct. 


Aik  '-'UiA-.-r. 
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It^  ConscQuences  Teat  I,  (Non-verbal) 

Type  of  task:  The  exaainee  ie  presented  with  several  pairs  of 

cartoon-type  sketches,  each  pair  being  the  first  two  panels  of  a three- 
panel  sequence.  After  studying  these  pairs,  the  examinee  is  then  pre- 
sented with  only  the  first  picture  of  each  sequence,  and  he  must  select 
from  three  choices  the  third  picture  which  correctly  completes  that 
sequence . 

Nvmber  of  items:  18  sequences. 

Time;  1 minute  study  time. 

Score:  Number  correct. 

16.  Consequences  Test  II.  (Verbal) 

Type  of  task:  The  examinee  hears  several  pairs  of  sentences  read 

aloudi  the  first  sentence  in  each  pair  states  a condition  and  the 
second  sentence  of  the  pair  states  a consequence  of  that  condition* 

When  the  first  sentence  of  each  pair  Is  read  again,  the  examinee  must 
correctly  reproduce  In  his  om  words  the  consequence  to  that  condition. 

Number  of  Items:  20  pairs  of  sentences. 

Time:  Approximately  2*5  minutes  reading  time  for  the  20  pairs. 

Score:  Number  of  ideas  correct. 

1.  Memory  for  Limericks  Test. 

Type  of  task:  The  examinee  must  learn  a group  of  limericks  so 

that  when  he  is  presented  with  the  first  four  lines  of  a Umerlok  he 
can  correctly  reproduce  the  Idea  and  key  words  of  the  fifth  line. 

Number  of  items:  30  limericks. 

Tims:  5 minutes  study  time. 

Score:  Number  of  key  ideas  correct. 
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8»  Memory  for  Ideas  Teat. 

Typ«  of  task!  After  hearing  a brief,  one-paragraph  story,  ’’The 
Uarble  Statue,"  the  examine  must  reproduce  it  in  his  own  words.  (See 
11,  p.  81.) 

Number  of  items:  6?  idea-units. 

Timet  Approximately  50  seconds  reading  time  for  the  story. 

Score:  Number  of  idea-units  reproduced. 

C.  Span  Memory  Tests 

5.  Number  Span  Test  I.  (Auditory) 

Type  of  task:  After  hearing  a sequence  of  digits,  the  examinee 

must  reproduce  the  sequence.  The  sequences  range  in  length  from  four 
to  twelve  digits. 

Number  of  items:  2 sequences  of  each  length,  making  18  sequences 

in  all. 

Time:  Approximately  1 second  per  digit  reading  time. 

Score:  Number  of  sequences  completely  correct. 

10,  Number  Span  Test  II » (Visual) 

Type  of  task:  After  seeing  a sequence  of  digits,  the  examinee 
must  reproduce  the  sequence.  The  sequences  range  in  length  from  four 
to  twelve  digits.  Each  sequence  is  presented  one  digit  at  a time  by 
flash  cards  on  a display  stand. 

Number  of  items:  2 sequences  of  each  length,  making  18  sequences 

in  all. 

Time:  Approximateay  1.5  - 2.0  seconds  per  digit  display  tins. 

Score:  Number  of  sequences  completely  correct. 
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2>  Letter  Span  Test  I,  (Vlgual) 

Type  of  task:  After  seeing  a sequence  of  letters,  the  examinee 

must  reproduce  the  sequence.  The  sequences  range  In  length  from  three 
to  eleven  letters.  Each  sequence  Is  presented  one  letter  at  a time  by 
flash  cards  on  a display  stand. 

Number  of  Items:  2 sequences  of  each  length,  making  18  sequences 

In  all. 

Time:  Approximately  1.5  - 2,0  seconds  per  letter  display  time. 

Score:  Number  of  sequences  completely  correct. 

lit.  Letter  Span  Test  II,  (Auditory) 

Type  of  task:  After  hearing  a sequence  of  letters,  the  exaninee 

must  reproduce  the  sequence.  The  sequences  range  In  length  from  three 
to  eleven  letters. 

Number  of  Items:  2 sequences  of  each  length,  making  18  sequences 

In  all. 

Time:  Approximately  1 second  per  letter  reading  tins. 

Score:  Number  of  sequences  completely  correct. 

21.  Sentence  Span  Test. 

Type  of  task:  After  hearing  a sentence,  the  examinee  must  repro- 
duce It.  The  sentences  range  In  length  from  18  to  33  syllables. 

Number  of  Items:  16  sentences. 

Time:  3*0  - 6.5  seconds  reading  time  per  sentence,  depending  on 
length  of  sentence. 

Score:  Nusiber  of  sentences  completely  correct. 
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26,  Memory  for  Inatructlona  T»st. 

Type  of  task:  After  hearing  a set  of  Inatraetlona  (e»g«.  "Cheek 

the  9*  Cross  out  the  R.")«  the  examinee  must  carry  out  the  inatrue- 
tiona.  The  sets  range  in  length  from  two  to  five  instructions. 

Number  of  items:  16  sets  of  Instructions. 

Time:  Approximately  1.^  seconds  per  instruction  reading  time. 

Score:  Nuadber  of  sets  of  instructions  performed  ccmpletely  cor- 

rectly. 


D.  Visual  Memory  Tests 

1$.  Reproduction  of  Visual  Designs  Test. 

Type  of  task:  After  seeing  a geometric  design  on  a flash  card, 

the  examinee  must  reproduce  that  design. 

Nu^r  of  items:  10  desigiw. 

Time:  S seconds  display  time  for  each  design. 

Score:  2 points  for  each  correct  design,  1 point  for  each  design 

with  only  minor  deviations  from  the  correct  design. 

9.  Map  Memory  Test  I.  (Reproduction) 

liTfw  of  task:  After  studying  a produet-type  map  of  a fictional 
country,  the  examinee  must  reproduce  the  nap. 

Number  of  Items:  ^1  features. 

Timex  2 minutes  study  time. 

Score:  In  general,  1 point  for  presence  of  each  feature,  and  1 
point  for  the  correct  location  of  that  featurei  total  possible  scare 
mas  $6,  Full  credit  mas  given  if  a name  was  reproduced  instead  of  a 
symbol. 
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19,  M«p  M—ory  Teat  II.  (Verbal  recall) 

Typo  of  tukt  After  atudying  a map  of  a section  of  toon  and 
countryelde,  the  examinee  must  anamer  multiple  choice  questions  about 
the  area  portrayed  by  the  map. 

Number  of  items:  ll;  questions. 

Time:  30  seconds  study  time. 

Score:  Number  correct. 

20.  Map  Memory  Teat  III.  (Recognition) 

Type  of  task:  The  examinee  must  learn  the  map  of  an  area  of 

countryside  so  that  when  he  is  presented  with  fire  representations  of 
a section  of  that  map  he  can  indicate  which  is  the  correct  representa- 
tion. 

Nusdoer  of  items:  12  five-choice  items. 

Time:  3 minutes  study  time. 

Score:  Nusber  correct. 

E.  Special  Tests 

11.  12.  13»  Meaningful  Memory:  Picture.  Paragraph,  Number. 

Type  of  task:  This  test  is  divictod  into  three  sections | each 
section  is  scored  separately,  hence  the  sections  will  be  treated  as 
three  separate  tests.  In  the  Picture  section,  the  examinee  must  learn 
the  details  of  a sketch  representing  a Venetian  scene  so  that  when 
he  is  p>resented  with  a sketch  of  another  similar  Venetian  scene  he  can 
answer  true-false  questions  about  the  similarities  and  differences  of 
the  two  pictures.  In  the  Paragraph  section,  the  examinee  must  learn 
a long  encyclopedia-type  article  about  a country  so  that  he  can  ansiier 
true-false  questions  about  it.  In  the  Number  section,  the  examinee 
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au8t  leant  detailed  Infonaatlon  about  In-rentoriea  In  two  atorea  ao 
that  he  can  ansaer  aultipla-cholee  ^uaatlona  about  it. 

Nvaiber  of  Iteaut  Picture  section,  30  true-false  Iteasf  Paragraph 
section,  30  true-false  items | Number  sectlm,  1$  flTe-ehoiee  items. 

Time:  1$  minutes  study  ti-ne,  ^ minutes  for  each  seetlonj  then  de- 

lay of  approximately  20-2lt  minutes  (during  idtich  are  adtadnlstered  tests 
iJi,  Letter  Span  Test  II,  and  15,  Reproduction  of  Visual  Designs)!  then 
15  minutes  testing  time,  5 minutes  for  each  section. 

Score:  Number  correct. 

These  three  teats  mere  developed  by  the  Educational  Testing  Serr- 
ieei  they  mere  not  constructed  by  the  author.  They  mere  Included  in 
the  battery  to  determine  their  factor  structure  rather  than  to  be  pri- 
marily measures  of  one  or  another  of  the  four  hypothesised  factors} 
homerer,  in  the  light  of  the  hypotheses  it  mas  expected  that  the  Pic- 
ture section  moxild  have  its  highest  loading  on  Visual  Memory,  and  that 
the  Paragraph  and  Nuidier  sections  mould  be  highest  on  Meaningful 
Memory. 

Table  1 below  gives  a breakdomn  of  the  memory  tests  by  method  of 
testing.  The  Recognition  tests  Mrely  require  the  examinee  to  recog- 
nise stimuli  mhich  he  has  previously  experienced}  the  Completion  Recall 
tests  require  the  examinee  to  reproduce  a part  of  each  prevlously- 
exasdned  stimulus  mhen  he  is  presented  mith  the  remainder  of  that  stim- 
ulus} the  Free  Recall  tests  require  the  examinee  to  reproduce  completely 
the  previously-experienced  stimuli. 

The  next  table,  Table  2 below,  gives  a breakdown  of  the  memory 
tests  by  type  of  material  and  modality  of  presentation.  It  will  be 
remembered  that  this  study  did  not  attempt  to  investigate  auditory 
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TABIE  1.  CLASSinCATION  OF  THE  27  M0IORY  TESTS 
BY  METHOD  OF  TESTING  RETENTION 


Recognition 

Completion  Recall 

Free  Recall 

Paired-Assocletee 

Other 

7*  Recognition 
I (SyU.) 

3.  Ueacry  for 
Syllables  I 

1.  Memory  for 
Limericks 

2.  Letter  Span 
I (Vis.) 

17 « Rocognltlon 
II  (Wda.) 

6.  Memory  for 
Words  I 
(Unrel*) 

U.  Consequences 
I (NVb) 

5.  Number  Span 
I (Aud.) 

20*  Hep  Memory 
III  (Recog.) 

18.  Memory  for 
Nuflibere 

U»  Mean.  Memory: 
Picture 

8.  Memory  for 
Ideas 

23*  Recognition 
III  (Flge.) 

22*  Memory  for 
Syllables 
II 

12.  Mean.  Memory: 
Paragraph 

9.  Map  Memory  I 
(Re prod.) 

27*  Memory  for 
Words  II 
(Rel.) 

13.  Mean.  Memory: 
Number 

10.  Number  Span 
II  (Vis.) 

16.  Consequences 
II  (Vb) 

lU.  Letter  Span 
II  (Aud.) 

19.  Map  Memory 
II  (Verb.) 

1^.  Reproduction 
of  Visual 
Designs 

2U.  Memory  for 
Relations 

21.  Sentence  Span 

2$,  Sentence 
Completion 

26.  Instructions 
Span 
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TABLE  2.  CLASSIFICATION  OF  THE  27  MEMORT  TESTS  BT  TTPE 
OF  MATERIAL  AND  MODAUTY  OF  PRESENTATION 


Type  of 
Material 

Verbal 

Non-verbal 

Ufodaiity 
of  Pre- 
sentation 

Visual 

Auditory 

Visual 

Auditory 

1.  Memory  for 
Limericks 

$.  Nuiober  Span 
I (Auditory) 

U.  Consequences 
I (Non- 
verbal) 

(None) 

2.  Letter  Span 
I (Visual) 

6.  Memory  for 
Words  I 
(Unrelated) 

11.  Meaningful 
Memory;  Pic- 
ture 

3.  Memory  for 
Syllables  I 

8.  Memory  for 
Ideas 

1$,  Reproduction 
of  Visual 
Designs 

• 

7.  Recognition 
I (Sylla- 
bles) 

m.  Letter  Span 
II  (Audi- 
tory) 

23.  Recognition 
III 

(Figures) 

10*  Nundser  Span 
II  (Visual) 

16.  Consequences 
II  (Verbal) 

2U.  Memory  for 
Relations 

12.  Meaningful 
Memory: 
Paragraph 

17.  Recognition 
II  (Words) 

13.  Meaningful 
Memory: 
Number 

21.  Sentence 
Span 

18.  Memory  for 
Numbers 

26.  Memory  for 
Instruc- 
tions 

22.  Memory  for 
Syllables 
II 

25.  Sentence 
- Completion 

2Tk  Memory  for 
Word  II 
(Related) 

*9*  Map  Memory 
I (Repro- 
duction) 

>9>  Map  Memory 
I (Repro- 
duction) 

19.  Map  Memory 
II  (Verbal) 

L9*  Map  Memory 
II  (Verbal) 

20.  Map  Memory 
III  (Recog- 
nition) 

20.  Map  Memory 
III  (Recog- 
nition) 

^Although  theso  Map  Memory  tests  were  primarily  non-verbal,  the  maps  did  con- 
tain some  verbal  material,  especially  Map  Memory  I. 
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memory;  however,  scrnie  auditory  tests  were  included  in  the  study  in 
order  to  estimate  the  generality  of  the  hypothesized  factors  of  Rote, 
Ueaningful,  and  Span  Memory. 

F,  Reference  Testa 

It  seems  quite  evident  that  the  tests  described  above  measure 
other  than  Just  memory  abilities.  In  order  to  find  out  what  addi- 
tional abilitie..  are  being  measured,  so  that  these  sources  of  variance 
can  be  recognized  and  allowed  for  in  the  interpretation  of  the  memory 
factors,  thirteen  additional  teats  were  added  to  the  test  battery. 
Henceforth,  these  tests  will  be  referred  to  as  reference  tests.  All 
of  these  testa  were  chosen  from  the  U.  5.  Air  Force  Airman  Classifica- 
tion Battery;  detailed  descriptions  may  be  found  in  the  U.  S.  Army 
Air  Forces  Aviation  Psychology  Program  Research  Reports  (17,  27,  $0), 
Brief  descriptions  of  these  tests  will  be  given  below.  Scores  on 
these  tests  are  reported  by  the  Air  Force  in  terms  of  stanines;  sta- 
nines  are  single-digit  scores  derived  from  the  raw  scores  and  con- 
verted by  the  Air  Force  so  that  a defined  population  will  have  a mean 
score  of  S and  a standard  deviation  of  2.  Since  all  of  the  examinees 
had  previously  taken  these  tests,  it  was  unnecessary  to  readminister 
them  along  with  the  memory  tests. 

28,  Instrument  Comprehension.  Cl  6l6  C-C2. 

Type  of  task:  The  examinee  is  presented  with  drawings  of  two 

instrinnents,  a compass  and  an  artificial  horizon,  followed  by  five 
photographs  showing  an  airplane  in  different  positions;  he  must  choose 
the  picture  which  is  in  agreement  with  the  two  instrument  readings. 
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Nvimber  of  items:  60. 

Time:  1$  minutes.  This  test  is  fairly  highly  speeded. 

Score:  R - W/U. 

Factor  content;  Spatial  Relations,  Visualization,  Reasoning  II. 

29.  Mechanical  Principles.  Cl  903  B. 

Type  of  task:  The  examinee  must  anseer  questions  concerning 

mechanical  principles  and  devices  irhich  are  illustrated  by  means  of 
pictures  and  diagrams. 

Number  of  items:  UO. 

Time:  20  minutes.  This  test  is  not  stated  to  be  speeded. 

Score:  R - W/2  + 20. 

Factor  content:  Deduction,  Uechanical  Experience,  Visualization, 

Spatial  Relations. 

30.  Rudder  Control.  CM  120  C. 

Type  of  task:  This  test  requires  the  manipulation  of  rudder 

pedals  to  bring  a cockpit  into  a condition  of  equilibrium.  The  exam- 
inee is  placed  in  a model  cockpit  and  instructed  to  keep  a sighting 
bar  on  the  fuselage  in  front  of  him  pointed  at  a target. 

Number  of  trials:  6. 

Time:  1 minute  per  trial. 

Score:  Total  time  cockpit  is  pointed  directly  at  target. 

Factor  content:  Psychomotor  Coordination,  Vlaualiaation,  Pilot 

or  Flying  Interest. 

31.  Complex  Coordination.  CM  703  E. 

Type  of  task:  The  examinee  must  respond  to  complex  perceptual 
signals  by  making  coordinated  movements  of  airplane  controls.  A 
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pattern  of  three  red  lights  in  p.'esented  to  the  examinee,  nho  must  then 
manipulate  the  stick  and  rudder  controls  so  as  to  light  corresponding 
green  lights;  as  soon  as  all  lights  are  matched,  a new  stimulus  pattern 
is  presented. 

Number  of  items:  Varies  with  examinee. 

Time:  8 minutes. 

Score:  Number  of  patterns  correctly  matched. 

Factor  content:  Psychomotor  Coordination,  Spatial  Relations. 

32,  Arithmetic  Reasoning,  Cl  206  C. 

Type  of  task:  The  examinee  must  solve  mathematical  problems 

which  are  stated  verbally;  many  of  the  problems  are  couched  in  avia- 
tion terms. 

Number  of  items:  30. 

Time:  35  minutes.  This  test  is  not  stated  to  be  speeded. 

Score:  2R  - W/2. 

Factor  content:  Numerical  Facility,  Deduction,  Verbal  Comprehen- 

sion. 

33 » Reading  Comprehension.  Cl  6lU  H. 

Type  of  task:  The  examinee  must  make  valid  Inferences  from  z*ead- 

ing  material  as  well  as  answer  more  direct  questions  about  content. 

The  paragraphs  were  taken  from  technical  material,  including  tests  on 
navigation,  physics,  map  reading,  astronomy,  and  airplane  Instruments. 
Number  of  items:  8 paragraphs,  36  questions. 

Time;  30  minutes.  This  tost  is  fairly  highly  speeded. 

Score;  2R  - W/2. 

Factor  content:  Verbal  Comprehension,  Deduction,  Numerical 
Facility. 
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3U«  Vocabulary.  Cl  60U  B. 

Type  of  task:  The  examinee  must  select  synonyms  for  given  words* 

Number  of  items:  1^0. 

Time:  1$  minutes.  This  test  is  highly  speeded. 

Score:  R - W/U. 

Factor  content:  Verbal  Comprehension. 


3$.  Dial  and  Table  Reading.  CP  622-21  A. 

Type  of  task:  In  the  dial  reading  section,  the  examinee  is  pre- 

sented with  seven  dials  such  as  might  be  found  on  the  control  panel 
of  an  airplane;  he  must  answer  questions  concerning  the  readings  on 
the  dials.  In  the  table  reading  section  he  must  answer  questions 
which  require  the  consultation  of  tables  of  figures. 

Nianber  of  items:  Dial  reading  section,  57  questions  on  10  sets 

of  dials;  table  reading  section,  86  questions. 

Time:  Dial  reading  section,  9 minutes;  table  reading  section,  15 

minutes.  This  test  is  fairly  highly  speeded. 

Score:  1/2 (R  - W). 

Factor  content:  Perceptual  Speed,  Numerical  Facility,  Spatial 

Relations. 

36*  Spatial  Orientation  I*  CP  501  B. 

Type  of  task:  At  the  top  of  each  test  page  there  is  a large 

aerial  photograph,  with  six  circular  photographs  below  it  which  are 
sections  of  it.  The  examinee  must  find  the  area  in  the  large  photo- 
graph that  is  the  same  as  each  of  the  small  photographs. 

Number  of  items:  U9  items  based  on  9 large  aerial  photographs* 

Time:  5 minutes.  This  test  is  highly  speeded. 
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Score:  R - W + 20, 

Factor  content:  Perceptual  Speed, 

37»  Coordinate  Reading,  CP  22U  B, 

Type  of  task:  The  examinee  is  presented  with  a circular  grafAi 

which  simulates  an  oscilloscope  screen;  this  graph  is  graduated  in 
degrees  from  0°  to  360°,  and  in  concentric  circles  representing  ten- 
mile  Intervals.  Located  within  the  circle  are  dashes  representing 
target  returns  on  the  oscilloscope  screen.  The  examinee  must  deter- 
mine the  bearing  and  range  of  each  dash  line  from  the  center  of  the 
circle;  the  items  are  multiple-choice  in  form, 

NuBft)er  of  items:  8$, 

Time:  20  minutes.  This  test  is  speeded. 

Score:  Total  number  correct. 

Factor  content:  Perceptual  Speed,  Numerical  Facility,  Spatial 

Relations. 

38,  Discrimination  Reaction  Time,  CP  611  D. 

Type  of  task:  The  examinee  is  presented  with  a visual  stimulus 

pattern,  consisting  of  one  red  and  one  green  light,  in  which  the  prin- 
cipal element  is  the  spatial  relation  of  the  two  lights.  He  must  make 
a differential  response  to  this  spatial  arrangement  by  tripping  one  of 
four  switches,  the  correct  switch  depending  on  the  position  of  the  red 
light  with  respect  to  the  green  one. 

Number  of  items:  80  reactions,  in  U groups  of  20  each. 

Time:  Varies  with  examinee. 

Score:  Total  accumulated  time  between  stimulus  and  correct 

response . 
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Factor  content:  Spatial  Relations,  Perceptual  Speed,  Finger  Dex- 
terity, 

39»  Spatial  Orientation  II.  CP  $03  B. 

Type  of  task:  Each  test  page  contains  a standard  aviation  map 

which  is  sectioned  off  into  twelve  squares;  below  the  map  are  four 
aerial  photographs  of  portions  of  the  area  portrayed  in  the  map.  The 
examinee  must  match  the  photographs  to  the  proper  sections  of  the  map. 
Number  of  items:  $0  items  based  on  13  aerial  maps. 

Time:  18  minutes.  Inis  test  is  highly  speeded. 

Score:  R - + 20. 

Factor  content:  Perceptual  Speed,  Visualiaation, 

UO.  Nxunerical  Operations,  Cl  702  B. 

Type  of  task:  The  examinee  must  solve  simple  problems  in  addi- 

tion, subtraction,  multiplication,  and  division. 

Number  of  items:  Part  I (addition  and  multiplication),  100  items; 

Part  IT  (subtraction  and  division),  80  items. 

Time:  5 minutes  for  each  part.  This  test  is  highly  speeded. 

Score:  1/2 (R  - 3W). 

Factor  content:  Numerical  Facility. 

These,  then,  were  the  1|0  tests  making  up  the  test  battery.  The 
methods  used  in  the  collection  and  analysis  of  data  will  be  discussed 
in  the  next  chapter. 
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Chapter  III 

DATA  COLLECTION  AND  ANALYSIS 
A*  The  Population 

The  population  used  in  this  study  was  composed  of  U,  S,  Air  Force 
pilot  cadets  who  were  entering  basic  pilot  training  at  Lackland  Air 
Force  Base,  San  Antonio,  Texas,  in  November,  1952,  The  total  ntanber 
of  cadets  taking  the  27  memory  tests  was  U80;  the  testing  was  done  in 
groups  as  indicated  in  Table  3 below. 

TABLE  3,  TESTING  SCHEDUIE 


Group 

Date 

Number 

tested 

1 

November  10,  1952  (Monday) 

81 

2 

November  12,  1952  (Wednesday) 

78 

3 

November  13,  1952  (Thursday) 

77 

U 

November  lb,  1952  (Friday) 

83 

5 

November  17,  1952  (Monday) 

76 

6 

November  18,  1952  (Tuesday) 

85 

Total 

U80 

All  of  these  men  had  previously  taken  the  tests  composing  the  Air 
Force  Classification  Battery,  so  it  was  unnecessary  to  readminister 
the  reference  tests.  However,  rererence-test  scores  were  unavailable 
for  some  of  the  men|  total  data  was  obtainable  for  UU2,  so  only  these 
cases  were  used  in  this  study. 

The  ages  of  the  examinees  ranged  from  19  to  27  years,  with  a niei^ 
age  of  21.6  years}  the  complete  age  distribution  is  given  in  Table  U 
below. 
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TABLE  U.  AGE  OF 

EXAMINEES 

Age  In  years 

Frequency 

19 

21 

20 

88 

21 

Uh 

22 

118 

23 

62 

2U 

21 

25 

10 

26 

5 

27 

3 

Total 

Mean  age 

21.6 

These  men  had  all  had  at  least  a high  school  education;  a complete 
breakdoen  on  amount  of  education  is  given  in  Table  ^ below, 

TABLE  5.  AMOUNT  OF  EDUCATION  OF  EXAMINEES 


Education 

Frequency 

11  years 

2 

12  years 

101 

1 year  college 

60 

2 years  college 

lii2 

3 years  college 

52 

U years  college 

81 

Professional  school 

U 

graduate 

Total 

UU2 

B,  The  Testing  Procedure 

All  testing  was  conducted  by  a regular  testing  team  from  the 
Human  Resources  Research  Center;  the  author  was  present  at  all  testing 
sessions  as  an  observer  and  adviser.  Since  the  tests  were  adminis- 
tered by  Air  Force  personnel,  and  since  nany  Air  Force  tests  were 
taken  dxuring  the  sane  sessions  as  the  memory  tests,  there  is  reason  to 
believe  that  the  men  considered  the  memory  tests  as  a regular  part  of 
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the  Air  Force  testing.  It  was  hoped  that  the  regular  orientation  state- 
ment made  the  testing  officer  at  the  outset  of  the  testing  would 
provide  sufficient  motivation  for  the  subjects  to  perform  as  well  as 
possible. 

Each  examinee  was  completely  tested  In  a single  day;  there  were 
two  testing  sessions,  morning  and  afternoon.  In  the  morning  session, 
three  Air  Force  tests  were  administered;  following  this,  the  men  were 
given  a ten-minute  break  during  which  they  were  allowed  to  leave  the 
room.  After  the  break  they  were  given  another  Air  Force  test,  and  then 
Book  I of  the  memory  battery  was  administered.  After  Book  I,  there 
was  a 2-3  minute  break  during  the  collection  of  Book  I and  the  distri- 
bution of  Book  II.  After  the  administration  of  Book  II,  the  men  were 
dismissed  for  lunch.  In  the  afternoon  session,  the  first  test  admin- 
istered was  another  Air  Force  test;  then  Book  III  of  the  memory  battery 
was  given.  The  men  were  allowed  to  take  a ten-minute  break  between 
tests  22  and  23.  The  last  test  for  the  day  was  an  Air  Force  test. 

All  of  these  Air  Force  tests  were  unrelated  to  this  study. 

In  addition  to  these  tests,  each  man  spent  another  full  day  taking 
only  Air  Force  tests;  groups  2,  I4,  and  6 took  these  tests  before  taking 
the  memory  battery,  while  groups  1,  and  ^ took  these  tests  after 
taking  the  memory  tests. 


C.  Scoring  of  Tests 

All  27  of  the  memory  tests  were  Independently  scored  twice;  any 
discrepancy  in  score  was  eliminated  by  a third  scoring  of  that  tost. 
Two  of  the  tests,  1$,  Reproduction  of  Visual  Designs,  and  8,  Memory 
for  Ideas,  were  scored  by  the  author;  the  other  teats  were  all  scored 
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\jy  members  of  the  scoring  staff  at  the  Educational  Testing  Service. 

The  actual  scoring  methods  used  sere  reported  in  Chapter  II. 

The  single-digit  staidne  scores  on  the  reference  test  mere 
furnished  by  the  Air  Force. 

The  frequency  distribution  of  test  scores,  the  mean,  and  the 
standard  deviation  of  each  test  are  presented  in  Appendix  B.  Table 
C-1  (Appendix  C,  first  table)  gives  the  total  possible  score,  the  mean, 
and  the  standard  deviation  for  all  UO  tests  in  the  battery. 

No  direct  measurement  of  the  reliability  of  the  27  memory  tests 

was  made}  however,  two  types  of  indirect  estimates  are  available.  It 

can  be  shown  that  the  reliability  of  a test  is  equal  to  or  greater 

than  the  correlation  between  that  test  and  any  other  varlablej  also, 

2 

the  final  computed  communallty  estimate,  h^,  for  each  test  ^ furnishea 
another  lower-bound  estimate  of  the  reliability  coefficient,  since 
hj  £ (61,  p.  8U).  The  Intercorrelation  coefficients  of  the  tests 

are  presented  in  Table  C-2}  the  final  communallty  estimates  are  shown 
in  Table  C-11.  For  the  purposes  of  a factor  analysis  study  it  is  not 
necessary  that  a test  be  as  reliable  as  it  should  be  if  it  sere  to  be 
used  for  the  selection  of  individual  examinees}  with  this  in  mind  It 
can  be  seen  that  most  of  the  tests  in  the  battery  are  reliable  enough 
to  yield  meaningful  factorial  results. 

Reliability  data  on  the  13  reference  tests  have  been  reported  by 
the  Air  Force  (17,  ^). 

D.  Computation  of  Correlation  Coefficients 

The  correlation  coefficients  were  ccanputed  entirely  on  I.B.M. 
equipment.  The  scores  on  the  UO  tests  sere  punched  into  I.B.U.  cards} 
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then  SUBS,  sums  of  squares,  and  sums  of  cross-products  eere  tabulated 
and  automatically  punched  in  summary  cards.  These  tabulations  were 
made  at  the  Educational  Testing  Service  using  a type  U02  Accounting 
Machine,  together  with  appropriate  auxiliary  equipment.  (A  type  UO^ 
Accounting  Machine  coulr  have  been  used  just  as  well.) 

The  coefficients  of  correlation  were  then  computed  on  an  I.B.M. 
Card-Programmed  Calculator  by  the  Computation  Laboratory  at  the  For- 
restal  Research  Center  of  Princeton  University.  These  computations 
were  made  from  the  data  on  the  summary  cards  prepared  at  the  Educa- 
tional Testing  Service. 

Table  C-2  presents  the  Intercorrelations  of  the  UO  tests. 

E.  Factor  Analysis  of  the  Complete  Battery 

The  multiple  group  method  of  factoring  (^,  pp.  170-17^)  was  used 
to  obtain  the  original  unrotated  orthogonal  factor  matrix.  Expressed 
in  matrix  algebra,  the  method  given  by  Thur stone  is  as  follows: 

R..  * reduced  correlation  matrix  (communallty  estimates  in 
^ diagonal  cells). 

W B weight  matrix  defining  groups. 


ZY  = U 


UE’-^  = F , where  = FF' 


Dr*  Ledyard  R Tucker  suggested  shortening  the  computations  by 
eliminating  the  steps  involving  the  7 matrix  as  being  unessential,  so 
the  method  reduced  to  the  following  steps: 


Z'W  » W'Rjj^W  = T . 


T = 6'B  . T is  factored  by  the  diagonal  method. 


B”  is  computed. 


= F , where  R^j^  *=  FF«  . (11) 

In  the  equations  given  above,  the  matrix  W defines  the  groups; 
the  groups  were  chosen  as  representing  clusters  in  the  correlation 
matrix.  A first  exsadnatlon  of  the  matrix  of  intercorrelations  re- 
sulted in  the  selection  of  seven  groups ; the  intercorrelation  matrix 
R^  is  given  in  Table  C-2,  and  the  matrix  defining  the  first  seven 
groups  Is  given  In  Table  C-3.  The  highest  correlation  coefficient  In 
each  column  of  the  correlation  matrix  was  chosen  as  the  first  eomnu- 
nallty  estimate  for  that  variable,  and  these  seven  groups  were  factored 
out  of  the  correlation  matrix  by  the  method  outlined  above;  this  re- 
sulted in  a factor  matrix  F^,  given  in  Table  C-U. 

A matrix  of  residual  correlation  coefficients,  R^,  was  then  com- 
puted by  the  formula: 


R.  « R^  - F F ' , 

a o a a 
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Matrix  R is  given  in  Table  C-5.  An  exmination  of  R revealed  four 
groups  or  clusters)  matrix  Table  C-6,  defines  these  groups.  The 
comnunalitles  eere  reestlmated  in  the  same  manner  as  before,  and  then 
these  four  groups  sere  factored  out  of  R^,  giving  factor  matrix 
Table  C-7. 

Again  the  residual  correlations  mere  computed,  and  an  examination 
of  this  matrix  R^,  Table  C-8,  failed  to  reveal  any  additional  groups. 
Since  no  further  groups  mere  indicated,  and  since  the  residual  correla- 
tions mere  so  small,  no  further  factors  mere  extracted)  thns  matrix  R^ 
is  the  first  matrix  of  residual  correlation  coefficients,  henceforth 
referred  to  as  matrix  R^.  Matrices  and  mere  combined  into  a 
single  factor  matrix  F^,  mhich  is  shomn  in  Table  C-9. 

All  of  these  computations  mere  carried  out  on  the  Card-Programmed 
Calcxilator  at  the  Forrestal  Research  Center  of  Princeton  University. 
Since  high-speed  coasting  was  available,  it  mas  decided  to  iterate 
the  factor  solution  to  stabilize  both  the  communallties  and  the  meights 
defining  the  groups.  Accordingly,  the  communality  estimates  computed 
from  factor  matrix  F^  mere  inserted  in  the  diagonal  cells  of  R^,  and 
the  matrix  F^  mas  used  as  the  new  mel^t  matrix  to  define  the  groups. 

A new  factor  matrix  F^  mas  extracted  by  the  method  previously  outlined, 
and  the  communality  estimates  from  F2  mere  computed.  Matrix  F2  and  the 
corresponding  new  communality  estimates  computed  fr«a  it  are  shown  in 
Table  C-10. 

The  iteration  of  the  solution  to  stabilise  the  coimTinallty  esti- 
mates is  a standard  recommended  procedure  (6l,  p.  29^).  This  type  of 
iteration  of  the  factor  meights  is  simply  Hotelling's  Iterative  method 
of  factoring  (6I,  p.  1^83))  this  method  if  carried  to  complete  converg- 
ence mill  yield  the  principal-axis  factor  matrix. 


It  was  decided  to  Iterate  the  solution  yet  enother  tiiae,  hence 

the  communallty  estimates  computed  from  F2  were  inserted  in  the  diagonal 

cells  of  R and  F.  was  used  as  the  weight  matrix  to  define  the  groups, 
o c 

However,  a difficulty  was  encountered  in  the  process  of  extracting  the 
factors.  It  will  be  noticed  that  equation  (10)  calls  for  the  factoring 
of  a small  matrix  T into  a matrix  B and  its  transpose  B')  the  diagonal 
or  triangularisatlon  method  of  factoring  was  used  (6I,  pp*  101-10^). 

In  carrying  out  the  triangularisatlon,  the  lower  right-hand  entry  in  B, 
the  last  value  to  be  computed,  turned  out  to  be  an  Imaginary  nus^r. 

This  difficulty  might  arise  from  either  of  two  causes:  (l)  The 
true  rank  of  the  reduced  matrix  might  be  ten  rather  than  eleven* 

Since  the  solution  is  converging  to  the  principal  axis  solution  the 
amount  of  variance  on  the  eleventh  factor  is  in  a sense  being  minimised) 
hence,  if  the  eleventh  factor  is  actually  only  some  sort  of  random 
"noise"  factor,  this  might  show  up  as  a negative  root  of  the  character- 
istic equation  liilch  could  cause  the  imaginary  number  found  in  this 
analysis. 

(2)  On  the  other  hand,  it  is  possible  that  such  an  imaginary  number 
could  arise  if  most  or  all  of  the  communallty  estimates  were  too  low. 

It  seeow  quite  likely  that  this  method  of  iterating  the  cosBunallty 
estimates  might  bring  about  this  situation.  Consider  this  problem  in 
the  following  manner.  Let  the  correlation  matrix,  with  unities  in  the 
diagonals,  be  factored)  the  complete  factor  matrix  may  be  considered 
to  be  composed  of  three  subsections — a common  factor  section,  a "noise" 
or  residual  factor  section,  and  a "unique"  factor  section.  The  itera*^ 
tlon  of  communality  estimates  in  the  manner  described  above  will  result 
in  a convergence  only  to  the  values  based  on  the  common  factor  section) 
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but  thA  oorr«I«tion  matrix*  «Ten  uhen  reduced  by  subtraetli:^  out  the 
unique  factor  section,  still  contains  the  "noise"  factors,  ehich  are 
small  to  the  point  of  being  negligible  but  are  neTsrl^eless  present. 
Thus  it  would  occur  that  the  coamunality  estimates  obtained  would  be 
underestimates  of  the  values  #iich  actually  should  have  been  used. 

Sinqp  the  appearance  of  the  imaginary  nuaber  meant  that  if  the 
analysis  was  continued  the  loadings  on  the  ileventh  factor  would  all 
be  imaginary  numbers,  some  action  was  felt  to  be  desirable.  It  was  de- 
elded  to  add  *0^  to  each  oommunallty  estimate  computed  from  and  to 
recompute  the  second  iteration.  If  the  rank  of  the  reduced  correla- 

a 

tion  matrix  were  truly  ten  Instead  of  eleven,  this  fact  wotild  become 
apparent  when  the  factor  matrix  was  rotated)  if  the  second  situation 
outlined  above  prevailed,  this  addition  of  .0^  should  probably  be 
enough  to  correct  the  difficulty. 

After  this  was  added  to  the  connunallty  estimates,  the  solu- 
tion was  iterated  with  no  further  difficulty  to  obtain  F^,  idilch  is 
shown  in  Table  C-Uj  again  new  conmunality  estimates  were  computed. 
Table  6 below  shows  the  sumsary  statistics  for  the  frequency  distribu- 
tions of  the  differences  between  each  set  of  cosmiunallty  estimates. 


TABLE  6.  DISTRIBUTION  STATISTICS  FOR  THE 
DIFFERENCES  BETWEEN  SUCCEEDING  CClUfUNALITr  ESTIMATES 


Range  -.37  to  +.25  -.02  to  +.10  -.09  to  +.CS* 

Mean  .026  *05l  -.030 

S.D.  .123  .021*  ,025 


2 

Mq  * Original  cosssunality  estimates 
2 

m Cosmunality  estimates  used  in  first  Iteration 


A new  matrix  of  residual  correlations  was  computed}  an  examina- 
tion of  the  matrix  (Table  C-12)  failed  to  re-neal  any  additional 
groups.  The  distribution  of  these  residual  correlation  coefficients 
la  aunarlied  in  Table  7 below. 

TABLE  7.  DISTRIBUTION  STAHSTICS  FOR  THE  RESIDUAL 
CORRELATION  COEFFICIENTS  IN  UATRIX  R^ 


Range 

-.0890  to  .0979 

Mean 

-.0005 

S.D. 

.0300 

Since  the  factor  matrix  was  to  be  rotated  to  a psychologically 
meaningful  position,  It  was  not  necessary  to  continue  to  iterate  until 
complete  convergence  to  the  principal  axis  solution  was  obtained.  It 
was  felt  that  the  solution  was  near  enough  to  the  principal  apace  at 
this  time,  so  no  further  Iterations  were  performed}  thus  matrix 
(Table  C-U)  Is  the  final  unrotated  orthogonal  factor  matrix. 

F.  Independent  Analysis  of  Reference  Tests 

In  order  to  clarify  the  identification  of  the  reference  factors, 
It  was  decided  to  factor-analyie  Independently  just  the  Intercorrela- 
tlons  of  the  13  reference  tests.  A centroid  analysis  was  performed; 
all  computations  ware  done  on  a desk  calculator.  Five  factors  were 
extracted;  these  factors  were  rotated  to  oblique  simple  structure. 

All  pertinent  data  are  presented  in  Appendix  D. 


G.  Rotation  of  Axes 


The  rotation  of  axes  was  greatly  facilitated  by  the  use  of  the 
Uatrlx  Rotator  at  The  Adjutant  General's  Office  in  Washington,  D.  C, 
First,  the  axes  sere  rotated  orthogonally  until  a fairly  good  simile 
structure  eas  obtained;  then  the  axes  sere  rotated  obliquely  to  improve 
the  simple  structure.  After  the  author's  return  to  Princeton,  nine 
additional  rotations  mere  made  in  order  to  clarify  further  the  simple 
structure.  The  rotated  oblique  factor  matrix,  V,  is  presented  in  Table 
C-II4;  the  correlations  betmeen  the  primary  factors  are  shown  in  Table 
C-16. 

Throughout  the  report  the  entries  in  the  V matrix  will  be  referred 
to  as  "factor  coefficients"  rather  than  as  "factor  loadings."  In  the 
oblique  case,  a factor  loading  is  generally  considered  to  be  the  oblique 
projection  of  a teat  vector  on  a primary-factor  vector;  an  entry  in 
the  V matrix,  however,  represents  the  orthogonal  projection  of  « test 
vector  on  a reference-factor  vector. 

The  exact  relationships  between  all  the  variables  in  the  oblique 
case  have  been  shown  (^,  pp.  3h7-3$9);  among  other  relations  it  was 
shown  that  the  factor  coefficients  are  proportional  to  the  factor 
loadings.  Some  of  these  relationships  may  be  expressed  in  the  foUowu 
ing  manner t 

Let  Rji^  » reduced  correlation  matrix. 

Fjm  * vmrotated  cnrthogonal  factor  matrix. 

* oblique  transformation  (rotation)  matrix. 

Vjo  * rotated  oblique  matrix  of  factor  coefficients. 

D ■ orthogonal  projections  of  primary-factor  vectors  on 
^ reference-factor  vectors.  (This  is. a diagonal  matrix; 
all  off-diagonal  cell  entries  are  sero.) 
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Then 


Ajp  B rotated  oblique  matrix  of  factor  loadings. 


R = F F ' 


^JmAno  ” ^jo 


Vpo''  = *jp  • 
'‘ik  - 


^Jk  “ *Jp^pq*jp  * 


(13) 

(lU) 

(15) 

(16) 
(17) 


The  V matrix  of  factor  coefficients  is  the  matrix  usually  reported 
in  factor  analysis  studies  using  oblique  rotations;  quite  commonly, 
homever,  the  entries  in  this  matrix  are  referred  to  as  factor  loadings. 
The  term  "factor  coefficient"  has  been  adopted  in  order  to  Indicate 
ptmcisely  that  the  V matrix,  not  the  A matrix,  is  being  reported. 

In  interpreting  the  factors,  either  matrix  (coefficients  or  load- 
ings) will  place  the  tests  in  the  sane  rank-order  of  magnitude;  in 
general,  the  magnitude  of  the  factor  coefficients  seem  to  the  author 
to  be  more  useful  in  making  the  interpretation.  Since  In  most  other 
obliquely-rotated  analyses  the  V matrix  has  been  reported  Instead  of 
the  A matrix,  It  seems  logical  to  assume  that  other  authors  hare  also 
found  It  preferable. 

The  Interpretation  of  the  factors  will  be  presented  In  the  fol- 


lowing chapter 


Chapter  IV 

RESULTS  AND  INTERPRETATION 
A.  Factor  Analysis  of  Reference  Tests 

This  section  sill  be  devoted  to  the  discussion  of  the  results  of 
the  factor  analysis  of  intercorrelations  of  the  reference  tests}  sec- 
tion B of  this  chapter  irill  consider  the  results  of  the  analysis  of 
the  Intercorrelations  of  the  complete  battery  of  tests*  Table  D-5 
presents  the  rotated  oblique  factor  matrix,  V,  for  the  analysis  of 
the  13  reference  tests.  The  five  factors  shlch  sere  extracted  are 
identified  below}  the  information  in  Tables  8-12  was  taken  from  Table 
D-5. 

TABLE  8.  TESTS  HIGH  ON  REFERENCE-TEST  FACTOR  A 


Factor 

Test  Coefficient 


31.  Complex  Coordination  *58 
30.  Rudder  Control  .U9 
29*  Meohanical  Principles  .37 
28.  Instruimnt  Comprehension  .22 
38.  Discrimination  Reaction  Tims  .20 


Reference-Test  Factor  Ai  Kinesthetic-Spatial  Relations.  This  factor 
appears  to  represent  the  ability  to  coordinate  and  Integrate  a visual- 
spatial  stimulus  with  kinesthetic  Senations.  (These  sensations  may 
be  real  or  they  may  result  from  kinesthetic  imagery.)  This  factor 
apparently  represents  a confounding  of  the  Psychomotor  Coordination 
and  the  Space  factors  Identified  by  French  (21). 
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TABLE  $,  TESTS  ffiGH  ON  REFERENCE-TEST  FACTOR  B 

Factor 

Test  Coefficient 

3U.  Vocabulary  .66 

33.  Reading  Conprehenslon  .^9 


Reference-Test  Factor  Bt  Verbal  Comprehension.  Although  this  factor 
Is  only  a doublet)  It  la  such  a eell-established  factor  that  It  may 
be  Interpreted  as  representing  knowledge  of  language  and  facility  in 
the  manipulation  of  Terbal  material. 


TABI£  10.  TESTS  HIGH  ON  REFERENCE-TEST  FACTOR  C 


Factor 

Test  Coefficient 


32.  Arithmetic  Reasoning 
29.  Mechanical  Principles  »U5 

37.  Coordinate  Reading  .33 

39.  Spatial  Orientation  II  .31 

28.  Instrument  Comprehension  .27 

33*  Reading  Comprehension  .26 


Referenoe-Test  Factor  Ct  Deduction-Visualisati.'n.  This  factor  ap- 
pears to  represent  the  ability  to  reason  from  the  geiteral  to  the 
specific  in  situations  requiring  the  manipulation  of  objects  in  the 
imagination.  There  seems  to  be  confounding  of  the  Visualisation 
factor  with  the  Deduction  factori  these  factors  were  both  defined  by 
French  (21). 

TABLE  11.  TESTS  HIGH  ON  REFERENCE-TEST  FACTOR  D 


Factor 

Test 

Coefficient 

UO.  Nuaerlcal  Operations 

.62 

32.  Arithmetic  Reasoning 

.U8 

35*  Dial  and  Table  Reading 

.U8 

37.  Coordinate  Reading 

' .33 

U9 


Reference -Test  Factor  Dt  Nvaaerlcal  Facility.  It  seems  clear  that 
this  factor  represents  facility  in  the  manipulation  of  numbers. 

TABLE  12.  TESTS  HIGH  ON  REFERENCE-TEST  FACTOR  E 


Factor 

Test  Coefficient 


36.  Spatial  Orientation  I .53 

37.  Coordinate  Reading  ,52 
39.  Spatial  Orientation  II  ,U9 
28.  Instrument  Comprehension  ,35 
35.  Dial  and  Table  Reading  .35 


Reference -Test  Factor  E;  Perceptual  Speed.  This  factor  appears  to 
represent  the  ability  to  inspect  and  compare  visual  forms  rapidly. 

The  intercorrelations  of  these  primary  factors  are  shown  in 
Table  D-6.  It  can  be  seen  that  Reference-Test  Factors  A,  B,  D,  and 
E intercorrelate  positively  to  a moderate  degree,  while  Reference- 
Test  Factor  C is  more  independent  of  the  others.  IRthin  a population 
as  highly  selected  as  this  one  it  is  to  be  expected  that  the  factors 
will  show  moderate  intercorrelations  such  as  these. 

These  results  show  that  this  group  of  reference  tests  clearly 
idsntdlSse  three  factors,  while  two  other  factors  which  involve  visual 
tasks  are  not  very  clear.  Thus  this  set  of  reference  tests  is  not 
as  good  as  was  desired  for  this  study,  since  one  of  the  four  factors 
hypothesised  was  the  Visual  Memory  factor.  However,  it  is  possible 
that  the  inclusion  of  the  tests  specifically  designed  to  measure 
Visual  Memory  might  help  to  clarify  the  factor  structure  in  this 
area}  Visual  Memory  is  again  discussed  along  with  Factors  I,  J,  and 
K in  the  next  section  of  this  chapter. 


B.  Factor  Analysis  of  the  Complete  Battery 


The  results  of  the  analysis  of  the  complete  battery  of  UO  tests, 
together  with  the  interpretation  of  1 uese  results,  are  given  below. 

Table  C-lli  presents  the  rotated  oblique  factor  matrix,  V,  for  the  analy- 
sis of  the  complete  battery.  The  eleven  factors  which  were  extracted 
are  identified  in  the  following  pages;  the  information  in  Tables  13-23 
was  taken  from  Table  C-li;. 


TABLE  13.  TESTS  HI  CM  ON  FACTOR  A 


Factor 

Test  Coefficient 


*3U.  Vocabulary  .60 

♦12.  Meaningful  Memory;  ,5l 

Paragraph 

♦33 • Reading  Comprehension  ,U8 

♦21.  Sentence  Span  .38 

32.  Az*ithmetic  Reasoning  ,2$ 


♦This  teat  had  its  highest  factor 
coefficient  on  this  factor. 


Factor  At  Verbal  Comprehension.  This  factor  appears  to  repre- 
sent knowledge  of  language  and  facility  in  the  manipulation  of  verbal 
material;  it  corresponds  to  Reference-Test  Factor  B and  to  Factor  V as 
identified  by  French  (21,  p.  2hh)»  The  interpretation  of  this  factor 
seems  to  be  very  clear. 


TABLE  lU.  TESTS  HIGH  ON  FACTOR  B 


Factor 

^st  Coefficient 


♦UO.  Numerical  Operations  .6? 

♦32.  Arithmetic  Reasoning  ,5U 

3$0  Dial  and  Table  Reading  .UT 

37*  Coordinate  Reading  ,35 

2li.  Memory  for  Relations  ,26 


♦This  test  had  its  highest  factor 
coefficient  on  this  factor. 
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Factor  B:  Nvunerical  Facility.  This  factor  aeems  to  represant 
facility  in  the  manipulation  of  numbers;  it  corresponds  to  Reference- 
Test  Factor  D and  to  Factor  N as  identified  by  French  (21,  p.  225)* 
Again  there  does  not  seem  to  be  much  question  as  to  the  interpretation 
of  this  factor. 

One  might  ask  about  the  two  number  span  tests,  tests  $ and  10,  and 
about  the  paired  associates  word-number  test,  test  18.  The  two  number 
span  tests  have  factor  coefficients  in  the  indeterminate  range  where 
it  is  not  at  all  clear  whether  or  not  to  consider  the  coefficients  as 
being  significantly  different  from  zero;  the  coefficient  of  the  word- 
number  teat  is  clearly  not  significantly  different  from  zero.  The 
magnitudes  of  these  coefficients  fit  in  with  the  interpretation  of  this 
factor  made  above,  i«e.,  the  mere  presence  of  numbers  in  a test  is  not 
sufficient  for  that  test  to  have  a high  coefficient  on  this  factor; 
rather,  the  tests  with  high  coefficients  on  this  factor  all  seem  to 
Inquire  the  manipulation  of  numbers  in  some  manner* 


TABLE  15.  TESTS  HIGH  ON  FACTOR  C 


Test 

Factor 

Coefficient 

♦36.  Spatial  Orientation  I 

.70 

♦35*  Dial  and  Table  Reading 

.58 

*37.  Coordinate  Reading 

.52 

39.  Spatial  Orientation  II 

.U3 

♦38.  Discrimination  Reaction  Time 

.39 

♦ 9.  Map  Memory  I (Reproduction) 

.35 

31.  Complex  Coordination 

.31 

28.  Instrument  Comprehension 

.28 

UO.  Nunerlcal  Operations 

.26 

♦ U.  Consequences  I (Non-verbal) 

.23 

15.  Reproduction  of  Visual  Designs 

.22 

2U.  Memory  for  Relations 

.22 

20.  Map  Memory  III  (Recognition) 

.21 

♦This  test  had  its  highest  factor  coefficient  on 
this  factor. 


i 


?2  . 

Factor  C?  Perceptual  Speed.  This  factor  appears  to  represent  the 
ability  to  perceive  rapidlyj  teats  with  high  coefficients  on  this  factor 
involve  the  rapid  inspection  and  comparison  of  visual  forms,  with  the 
notation  of  similarities  and  differences  in  form  and  detail.  This 


factor  corresponds  to  Reference-Test  Factor  E and  to  Factor  P as  iden- 


tified Ij  French  (21,  p.  277).  The  identification  of  this  factor  also 
is  quite  clear. 


TABLE  16.  TESTS  HIGH  ON  FACTOR  D 


Teat 

Factor 

Coefficient 

* 6.  Memory  for  Words  I (Unrelated) 

.61i 

*17.  Recognition  II  (Words) 

.53 

*18.  Memory  for  Numbers 

.53 

3.  Memory  for  Syllables  I 

.Ul 

*13.  Meaningful  Memory:  Number 

.36 

27.  Memory  for  Words  II  (Related) 

.36 

22.  Memory  for  Syllables  II 

.3I1 

II4.  Latter  Span  11  (Auditorv) 
5,  Number  Span  I (Auditory; 

.33 

.27 

10.  Number  Span  II  (Visual) 

.26 

7.  Recognition  I (Syllables) 

.21 

2.  Letter  Span  I (Visual) 

.20 

12.  Meaningful  Memory:  Paragraph 

.20 

♦This  test  had  its  highest  factor  coefficient  on 
this  factor. 


Factor  D;  Rote  Memory.  There  seems  to  be  little  doubt  that  this 
is  a memory  factorj  it  is  interpreted  as  representing  the  ability  to 
remember  bits  of  unrelated  factual  material.  This  factor  corresponds 
to  Factor  U identified  by  French  (21,  p,  219), 

Testa  3,  6,  7,  17,  18,  and  22  were  constructed  in  an  attempt  to 
measure  the  hypothesized  factor  of  Rote  Memory;  all  of  these  tests 
have  high  coefficients  on  this  Factor  D.  In  addition,  tests  6,  1?,  and 
18  have  their  highest  coefficients  on  this  factor,  T*iile  tests  3 and 
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22  have  higher  coefficients  only  on  a doublet  factor  which  represents 
the  common  variance  of  these  two  paired-associates  nonsense-syllable 
tests.  Test  7>  while  being  low  on  this  factor,  is  low  on  all  factors j 
its  highest  coefficient  is  only  .2U,  on  Factor  I.  The  communality  of 
this  test  is  only  .32|  hence  either  the  test  is  very  unreliable  or 
else  it  has  a great  amount  of  specific  variance. 

Now,  what  is  the  nature  of  tests  2,  10,  12,  13,  lU>  and  27, 

the  teats  with  moderately  high  coefficients  on  this  factor  which  were 
designed  to  be  primarily  measures  of  other  factors?  Tests  2,  10, 

and  lii  are  the  number  span  and  letter  span  tests;  it  does  not  seem 
imreasonable  for  these  tests  to  have  high  coefficients  on  a rote  memoiy 
factor.  However,  the  coefficients  for  these  four  tests  are  compara- 
tively low,  and  they  all  have  higher  coefficients  on  Factor  F;  more 
will  be  said  about  them  when  Factor  F is  discussed.  Tests  12  and  13 
were  two  of  the  three  experimental  tests  not  specifically  constructed 
for  this  s tudy,  but  it  was  thought  that  they  would  be  primarily  meas- 
ures of  a meaningful  memory  factor;  more  will  be  said  about  these  two 
tests  in  the  discussion  of  Factor  £ below.  Test  27  will  also  be  dis- 
cussed with  Factor  E.  However,  in  examining  the  nature  of  each  of 
these  tests,  it  does  not  seem  particularly  surprising  that  they  should 
appear  on  a rote  memory  factor  as  defined  above. 

Most  of  the  tests  with  high  coefficients  on  thj.s  factor  are  com- 
posed of  relatively  discrete  elements;  in  general,  no  obvious  relation- 
ships exist  among  the  elements.  There  are  a few  tests  where  some  rela- 
tionships do  exist,  tests  27,  12,  and  13.  (Test  27  had  a higher  coeffi- 
cient or  Factor  E,  to  be  discussed  next.)  It  seems  not  unlikely  that 
on  these  three  tests  some  examinees  did  not  make  use  of  the  relation- 


ships  in  remembering  the  elements,  Khich  would  account  for  the  appear- 
ance of  these  tests  on  this  Rote  Uemory  factor.  This  possibility  could 
be  checked  by  getting  introspective  reports  from  examinees. 

What  conclusions  can  be  drawn  about  this  factor?  Firsts  the  Rote 
Memory  factor  did  not  split  into  two  separate  factors—recognltion  and 
paired  associates.  The  memory  tests  in  this  battery  may  be  roughly 
classified  into  three  categories:  Recognition,  Completion  Recall  (in- 

cluding paired  associates  and  multiple  choice),  and  Free  Recall.  It 
may  be  seen  In  Table  16  that  tests  from  all  three  of  the  categories 
appear  on  this  factor)  it  is  true  that  the  five  paired  associates  tests 
are  among  the  top  seven  tests,  while  one  of  the  other  two  tests  in  this 
top  group  is  also  a completion  recall  test.  However,  test  17,  with  the 
second  highest  coefficient  on  this  factor  is  a recognition  test)  and 
the  number  span  and  letter  span  tests,  with  lower  coefficients,  are 
free  recall  tests.  Thus  on  the  basis  of  this  study  it  may  be  concluded 
that  completion  recall  tests,  in  particular  paired  associates  tests, 
are  the  best  measures  of  this  factor,  but  that  the  factor  is  not 
restricted  to  tests  of  this  kind. 

It  can  be  seen  that  the  content  of  the  tests  with  high  coeffi- 
cients on  the  Rote  Memory  factor  includes  numbers,  letters,  nonsense 
syllables,  and  words.  This  factor  is  not  specific  to  one  modality  of 
presentation,  since  some  of  the  tests  were  presented  visually  and  some 
were  presented  auditorily.  However,  all  of  this  material  is  verbal, 
and  the  testing  nece.^sltates  verbalization  of  the  material  by  the 
examinee)  hence  it  is  qvdte  possible  that  this  factor  is  restricted  to 
verbal  material.  This  is  a problem  which  must  be  Investlgc  ^d 
further. 
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TAEIE  17.  TEST  HIGH  ON  FACTOR  E 


Factor 

Test  Coefficient 


♦25.  Sentence  Completion  ,53 

* 1.  Memory  for  Limericks  .US 

*16.  Consequences  II  (Verbal)  .UU 

♦27.  Memory  for  Words  II  (Related)  ,U3 

8,  Memory  for  Ideaa  ,35 

♦11.  Meaningful  Memory:  Picture  ,22 

23.  Recognition  III  (Figures)  ,21 


♦This  test  had  its  highest  factor  coefficient  dn 
this  factor. 

Factor  E:  Meaningful  Memory,  This  factor  seems  to  represent 

the  ability  to  remember  material  which  i;?  meaningful.  The  term  "mean- 
ingful” has  not  been  precisely  defined;  only  an  intuitive  definition 
of  its  meaning  has  been  implied,  both  in  the  test  construction  and  in 
the  identification  made  above. 

Tests  1,  U,  8,  16,  2li,  25,  and  27  were  specifically  constructed 
in  an  attempt  bo  measure  the  hypothesized  factor  of  "Meaningful  Memory," 
while  tests  12  and  13  were  also  thought  to  be  measures  of  such  an 
ability.  It  will  be  noted  that  five  of  these  seven  tests  (numbers  U 
and  2U  are  the  exceptions)  are  high  on  this  factor;  of  these  five, 
only  test  8 does  not  have  its  highest  coefficient  here. 

Several  specific  tests  need  to  be  considered;  for  example,  what 
happened  to  tests  U and  2U?  Test  U,  Consequences  I (Non-verbal), 
turned  out  to  be  much  too  easy  for  this  population;  the  score  distri- 
bution was  extremely  negatively  skewed,  with  the  lai'ge  majority  of 
examinees  making  perfect  or  near-perfect  scores;  its  coefficient  on 
this  factor  was  in  the  indeterminate  range  of  possible  significance. 
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Test  2h,  Uemory  for  Relations,  had  essentially  a zero  coefficient 
on  this  factor;  although  this  test  seems  to  line  up  more  with  the 
visual  tests  than  with  those  on  this  factor,  its  nature  is  not  made 
clear  in  the  analysis  of  this  test  battery.  The  coefficients  on  Factors  1 
and  K perhaps  indicate  that  the  examinees  were  not  making  use  of  the 
relations  in  remembering  the  matrices;  the  relations  themselves  may 
have  been  too  difficult  to  be  discovered  in  the  time  allowed  for  this 
test.  If  this  wore  true,  it  would  not  be  surprising  to  find  that 
those  examinees  who  are  high  on  a visual  memory  ability  make  the 
better  scores  on  this  test. 

Teats  12  and  13  did  not  appear  on  this  factor  either;  test  12 
seems  to  be  primarily  a measure  of  verbal  comprehension,  with  a slight 
component  of  Rote  Memory,  while  test  13  seems  to  be  fairly  complex, 
with  a moderate  coefficient  on  the  Rote  Memory  factor.  If  this  factor 
is  indeed  Meaningful  Memory,  then  it  might  be  suggested  that  either 
there  is  not  enough  "meaning"  in  tests  12  and  13  for  them  to  appear 
on  this  factor,  or  else  that  the  type  of  "meaning"  they  contain  is 
not  that  which  distinguishes  this  factor.  In  addition,  test  13  was 
too  easy  for  this  group,  thus  giving  a very  skewed  score  distribution. 

Tests  11  and  23  appear  on  this  factor  with  comparatively  low 
coefficients.  In  test  11,  Meaningful  Memory:  Picture,  there  is,  at 

least  in  some  sense,  meaning;  however,  this  coefficient  of  *22  is  the 
highest  coefficient  that  this  test  has  on  any  factor,  so  perhaps  the 
best  that  can  be  said  is  that  the  nature  of  this  test  is  not  clari- 
fied by  this  battery.  An  examination  of  the  nature  of  test  23, 

Recognition  III  (Figures),  shows  that  a number  of  the  figures  seem 
to  be  representations  of  objects;  perhaps  this  might  explain  its 
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coefficient  on  this  factorj  hoeever,  this  test  also  has  no  •very  high 
coefficients,  so  its  nature  remains  questionable. 

The  following  conclusions  with  regard  to  Factoi-  E may  now  be 
stated.  The  modality  of  presentation  of  the  test  material  is  not  a 
discriminatory  characteristic  for  this  factor;  both  visually-presented 
and  auditorily-presented  tests  have  high  coefficients. 

All  three  types  of  teats — ^recognition,  completion  recall,  and 
free  recall— appear  on  this  factor.  Although  the  free  recall  and 
recognition  tests  have  low  coefficients,  it  seems  justified  to  con- 
clude on  the  basis  of  these  results  that  this  factor  is  not  restricted 
to  completion  recall  tests. 

Ifith  regard  ~^o  the  content  of  the  tests  the  evidence  is  somewhat 
uncertain.  The  tests  with  the  highest  coefficients  are  all  composed 
of  verbal  material  (words  and  sentences),  but  the  tests  with  lower 
coefficients  involve  non-verbal  material  (pictures  and  geometrical 
figures).  It  is  unfortunate  that  test  U,  Consequences  (Hon-verbal) , 
turned  out  to  be  too  easy,  since  it  was  intended  to  clarify  this 
very  point,  i.e. , whether  or  not  this  factor  is  limited  to  verbal 
material.  It  is  necessary  to  conclude  that  this  question  is  not  com- 
pletely settled  by  this  study;  however,  the  results  seem  to  indicate 
that  this  factor  is  not  limited  to  verbal  material. 

Taking  all  this  Information,  along  with  the  nature  of  the  testa 
which  have  essentially  zero  coefficients  on  this  factor,  into  con- 
sideration, some  sort  of  element  of  meaning  seems  to  be  the  charac- 
teristic which  distinguishes  between  those  tests  which  have  high  co- 
efficients and  those  which  have  low  coefficients. 
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TABLE  18.  TESTS  HIGH  ON  FACTOR  F 


Factor 

T«8t  Coofflciont 


•2.  Latter  Span  I (Vlaual)  .66 

*U».  Letter  Span  II  (Auditory)  .61 

#10.  Nuaber  Span  II  (Visual)  .59 

♦ 5.  Nuaber  Span  I (Auditory)  .57 

*26.  Memory  for  Instructions  .Ul 

21.  Sentence  Span  .2U 

22.  Henory  for  Syllables  II  .20 


•This  test  had  its  highest  factor  coeii'ibieht  on 
this  factor. 

Factor  Ft  Span  Memory.  As  hypothesised,  this  factor  seems  to 
represent  the  ability  to  recall  perfectly  for  imiediate  reproduction 
a series  of  unrelated  items  after  only  one  presentation  of  the  series. 

Tests  2,  5»  10,  lU,  21,  and  26  mere  constructed  in  an  attempt  to 
measure  Span  Memory)  it  can  be  seen  that  all  of  these  tests  are  present 
on  this  factor,  and  all  but  oiw  of  them  has  its  highest  coefficient  on 
this  factor.  Test  21,  Sentence  Span,  has  its  highest  coefficient  on 
the  Verbal  factor,  a net  unreasonable  result.  The  only  other  test  in 
the  battery  liiloh  appears  on  this  Span  Memory  factor  is  test  22, 

Memory  for  Syllables  II.  Testa  3 and  22,  which  were  designed  to  be 
parallel  teats,  were  both  too  difficult  for  this  population,  and  from 
the  factorial  results  it  seems  logical  to  assume  that  the  examinees 
changed  their  method  of  learning  the  syllables  between  the  first  and 
the  second  tests. 

The  tests  in  this  study  which  had  high  coefficients  on  this  Span 
factor  were  all  free  recall  tests,  with  the  exception  of  test  22,  a 
completion  recall  test,  which  was  discussed  abore.  It  is  quite  prob- 
able that  the  Span  factor  is  restricted  to  tests  of  free  recall)  this 
should  be  intestigated  further. 
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IKLth  regard  to  content,  these  span  tests  Included  nuaibers, 
letters,  irords,  and  sentences,  all  verbal  material.  It  would  be 
highly  desirable  to  determine  whether  tests  of  non-verbal  material 
are  also  measures  of  this  factor. 

This  study  presents  fairly  clear  evidence  that  visual V -pre- 
sented and  auditorily-presented  span  tests  measure  the  same  factor 
rather  than  two  different  factors  as  they  might  have  done. 

TABLE  19.  TESTS  HIGH  ON  FACTOR  G 

Factor 

Teat  Coefficient 

* 1.  Memory  for  Syllables  I .58 

*22.  Memory  for  Syllables  II  ,35 

*This  test  had  its  highest  factor  coefficient  on 
this  factor. 

Factor  Gt  Doublet.  This  factor  quite  clearly  represents  only 
the  specific  variance  in  tests  consisting  of  nonsense  syllables  pre- 
sented in  the  form  of  paired  associates.  It  cannot  be  considered  to 
be  a group  factor  for  paired  associates  tests  in  general,  since  none 
of  the  other  teats  of  this  kind  have  significant  coefficients  on  this 
factor.  Thus  it  can  be  concluded  that  a test  of  nonsense  syllable 
paired-associates  measures  scmiethlng  distinct  from  everything  that 
is  measured  by  all  the  other  tests  in  the  battery,  but  there  is  not 
enough  information  here  to  indicate  the  exact  nature  of  this  specific 
ability  or  abilities. 
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TABLE  20.  TESTS  HIGH  ON  FACTOR  H 


Teat 


Factor 

Coefficient 


» 8.  Memory  for  Ideas  »$h 

1.  Memory  for  Limericks  .32 

21.  Sentence  Span  .28 


*Thia  test  had  its  highest  factor  coefficient  on 
this  factor. 


Factor  Ht  Unidentified  Triplet.  There  are  not  enough  tests  with 
high  coefflcl\^nta  on  this  factor  in  order  for  any  clear  interpretation 
of  its  nature  to  be  made.  Perhaps  the  most  logical  guess  la  that  this 
may  be  an  Auditory  Memory  factor,  representing  the  ability  to  remember 
material  by  the  formation  of  an  auditory  image.  Both  tests  8 and  21 
apre  presented  auditorily;  while  test  1 was  presented  visually,  the 
type  of  material  composing  this  test  would  lend  Itself  quite  well  to 
auditory  retention  as  defined  above.  Three  other  tests  which  were 
presented  auditorily — test  6,  Memory  for  Words  I (Unrelated);  test  16, 
Consequences  II  (Verbal);  and  test  17,  Recognition  II  (Words) — ^have 
coefficients  In  the  Indeterminate  range  of  magnitude,  but  two  visually- 
presented  tests — test  U,  Consequences  I (Non-verbal);  and  test  29, 
Mechanical  Principles — also  have  coefficients  in  this  range. 

It  must  be  noted,  however,  that  none  of  the  auditorily-presented 
span  tests,  with  the  exception  of  Sentence  Span,  appear  on  this  factor, 
so  it  is  not  an  auditory-presentation  factor.  Perhaps  it  would  be  more 
precise  to  think  of  it  as  an  Auditory  Verbal  Memory  factor. 

This  factor  Is  not  clearly  Identifiable  with  any  of  the  factors 
reported  liy  Karlin  (UO,  Ul) . 
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It  18  also  posslbla  that  this  triplat  raprasants  anothar  kind  of 
Maningful  Msiorj  faotor»  although  It  is  not  at  all  claar  shat  tha 
nature  of  such  a factor  would  ba. 


TABLE  21.  TESTS  HIQR  ON  FACTOR  I 


Test 

Faotor 

Coeffloient 

»39r^SpatS  al  Orientation  II 

.U6 

•20.  Map  Meaory  III  (Recognition) 

.li6 

29.  Meohanioal  Mnciples 

.UU 

15.  Reproduction  of  Visual  Designs 

.U3 

•2U.  Memory  for  Relations 

.39 

•26.  InstrusMnt  Conprehensica 

.32 

33.  Reading  Comprehension 

.31 

•23 « Recognition  III  (Figures) 

.28 

32.  Arithmetic  Reasoning 

.26 

9.  Map  Memory  I (Reproduotion) 

.25 

•7.  Recognition  I (Syllables) 

.2U 

37.  Coordinate  Reading 

.2U 

•This  test  had  its  highest  factor  ooaffioiant  on 
this  factor. 


Factor  I i Yiauallaatlon?  la  will  ba  seen  In  tha  consideration  of 
Factoxa  J md  K below,  this  battery  of  tests  was  not  so  chosen  as  to 
indicate  clearly  the  structure  in  the  Yisual-spatial  factor  doaain} 
Factors  I,  J,  and  K saea  to  raprasant  the  rarlanoe  which  has  been  at- 
tributed in  previous  analyses  (U,  to  tha  factors  Visualisation, 
Space,  Deduction,  Psyohonotor  Coordination,  and  perhaps  Visual  Menory 
as  well.  This  confusion  aost  likely  is  due  to  the  structure  of  the 
test  batteryi  unfortunately,  it  seeas  that  the  reference  tests  did 
not  Include  enough  ralatlTsly  independent  aeasures  of  each  of  the 
above^wentloned  factors  to  separata  thsa  clearly  in  tha  analysis. 

Tha  confounding  resulted  from  the  coaplax  interrelations  of  the  refer- 
ence tests  used}  this  confusion  was  aTidenoed  in  tha  raferanoa-tast 
analysis  discussed  earlier  in  this  chapter.  For  this  reason,  tha  idra- 
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tlfie«tiont  Mtdi  for  folloirlng  throo  factors  ars  all  sory  tonta- 
tiso  vaA  not  at  all  cloar-cut. 

This  factor  soona  Boat  nearly  to  corroapond  to  the  Visnaliaatlon 
factor  raportod  the  Air  Force  (27) • This  factor  has  boon  defined 
by  French  (^,  p.  2U7)  aa  the  ability  to  conprehend  Imaginary  moTe- 
Bents  In  three-dlBenalonal  apace  or  the  ability  to  Banlpulate  objects 
In  the  iBaglnatlon.  Many  of  the  testa  elth  high  coefficients  on  this 
factOTi  hoeoTeri  do  not  Involve  any  such  nanlpulation,  so  this  defini- 
tion does  not  seeB  to  be  too  good  for  Factor  I|  therefore,  this  iden- 
tification la  Bade  only  very  tentatively.  There  la  aone  Indication 
that  this  factor  eay  represent  a confounding  of  Visualisation  and 
Visual  Memory* 

TABLE  22.  TESTS  HIGH  ON  FACTOR  J 


Factor 

Teat  Coefficient 


•29*  Mechanical  Principles  ,$$ 

#30.  Rudder  Control 

*31.  C(nq)lex  Coordination  .U6 

32.  Arlthaatlc  Reasoning  .U6 

28.  Instruaent  Ccaprehenslpn  .30 

33.  Reading  Ccmprehenalon  .28 


«This  teat  had  its  highest  factor  coefficient  on 
this  factor. 

Factor  J » Klneathetlc-Spatlal-Reaaoning?  This  factor  seeBs  to 
represent  a confounding  of  three  of  the  factors  defined  by  French  (21)— 
Psyohosiotor  Coordination,  Space,  and  Deduction.  Psychomotor  Coordlnan 
tion  mas  Interpreted  by  him  as  representing  the  ability  either  to  Inte- 
grate Buscular  BoveMnta  or  to  coordinate  the  eya  and  Buscular  move- 
Bsnts,  espeoiaTly  of  the  hand.  The  Space  factor  was  Interpreted  as 
the  ability  to  peroelte  spatial  patterns  accurately  and  to  conpare  thaai 
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with  waoh  othwr}  ttM  Spaew  factor  aajr  or  uagr  not  ba  Uadtod  to  Tiaual 
pareaptlon.  Tha  Daduetlon  factor  waa  Identlflad  as  tha  ability  to 
raaam  fro*  tha  ganaral  to  the  specific.  This  identification  of  Factor 
J is  wary  tentative. 

TABLE  23.  TESTS  HIGH  ON  FACTOR  K 


Factor 

Test 

Coefficient 

*1$.  Reproduction  of  Visual  Designs 

.55 

13.  Meaningful  Memory:  Number 

.31 

2U.  Memory  for  Relations 

.28 

32.  Arithmetic  Reasoning 

.28 

23.  RecognitiM  III  (Figures) 

.26 

6.  Memory  for  Words  1 (Unrelated) 

.25 

#19.  Map  Memory  II  (Verbal) 

.2U 

5.  Number  Span  I (Auditory) 

.21 

18.  Memory  for  Numbers 

.21 

•Tlds  tCit  had  its  highest  factor  coefficient  on 
this  factor. 


Factor  K t ttaldantifiad.  It  will  ba  noticed  that  only  one  teat 
has  a very  high  coaffioiant  on  this  factor}  tha  other  teats  irtiloh  seas 
to  ba  on  this  factor  have  only  low  to  wodarata  coaffioiants.  In  thia 
situation  the  position  of  tha  hyparplana  was  not  too  clearly  defined, 
and  there  does  not  saa«  to  ba  any  interpretation  which  is  clear  anon^ 
to  warrant  giving  this  factor  any  identifying  title  at  all.  It  saeas 
likely  that  if  tha  natwa  of  Factors  I and  J ware  clarified,  this 
factor  Bight  also  ba  clarified}  in  that  case  it  is  possible  that  this 
factor  night  wall  turn  out  to  represent  tha  hypothaaiaad  factor  of 
Visual  Memory.  From  this  analysis  of  tha  battery  as  it  was  consti- 
tuted, it  is  not  possible  to  conclude  that  a Visual  Memory  factor 
aziats}  however,  neither  is  it  possible  to  cite  these  results  as  evl- 
dsnce  that  such  a factor  does  not  exist,  since  on  this  point  the  re- 
sults are  too  equivocal. 
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In  spite  of  the  equivocality  of  the  results  it  still  seems  likely 
that  a Visual  Memory  factor  could  be  demonstrated  in  another  study. 
Clearly,  there  should  be  more  and  bettor  tests  constructed  which  are 
specifically  designed  to  measure  such  a factor,  and  the  reference  tests 
in  the  battery  need  to  be  very  carefully  chosen  in  order  to  avoid  the 
confusion  in  factor  structure  encountered  in  this  study. 

The  intercorrolations  of  these  primary  factors  are  presented  in 
Table  C-I60  It  can  be  seen  that  the  interconrelations  of  Factors  A-H 
have  in  general  either  approximately  zero  or  low  positive  values.  The 
only  correlation  coefficient  in  this  group  which  exceeds  .28  is  that 
of  .U3  between  Factor  A,  Verbal  Comprehension,  and  Factor  E,  Meaning- 
ful Memory.  This  particular  correlation  is  not  surprising  since,  as 
has  already  been  pointed  out,  the  tests  with  the  highest  factor  coeffi- 
cients on  Meaningf\il  Memory  were  all  compo  jed  of  verbal  materialj  if 
better  non-verbal  tests  of  Meaningful  Memory  can  be  developed,  it  is 
to  be  expected  that  this  correlation  will  decrease.  The  other  corre- 
lations seem  to  be  reasonable  in  terms  of  the  restriction  of  the  popu- 
lation. It  may  be  noted  that  the  Rote  and  Meaningful  Memory  factors 
correlate  only  .28,  while  Span  Memory  falls  to  correlate  with  either 
of  these  other  two  memory  factors}  th\is  there  seems  to  be  no  evidence 
for  a general  second-order  memory  factor.  Since  Factors  I,  J,  and  K 
are  so  poorly  determined,  no  particular  significance  can  be  attached 
to  their  correlations  either  with  the  other  factors  or  with  themselves} 
however,  it  may  be  noted  that  none  of  these  correlations  are  especially 
high. 

In  summary,  it  was  possible  to  give  clear  interpretations  for 
three  reference  factors,  three  memory  factors,  and  one  doublet  factor} 
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three  factors  involving  visual  tasks  remain  unclear}  and  the  other 
factor,  a triplet,  is  suggestive  but  vincertain.  The  following  chapter 
will  summarize  the  entire  study,  and  recommendations  for  further  re- 
search will  be  made. 


Chapter  V 

SUUUARY  AND  RECOMMENDATIONS 


A.  Sumnary  of  Study 

This  study  iras  undertaken  to  investigate  the  factorial  structure 
in  that  part  of  the  area  of  memory  involving  relatively  immediate 
intentional  retention.  The  development  of  2U  testa  of  memory  was 
gui'^.  d by  the  following  factors  which  were  hypothesized  as  covering 
important  parts  of  this  area  of  the  memory  domain: 

1*  Rote  Memory:  the  ability  to  recall  learned,  meaningless 

material. 

2*  Meaningful  Memory:  the  ability  to  recall  learned,  meaningful 

material. 

3.  Span  Memory:  t’ne  ability  to  reeall  perfectly  a series  of 

V '!■'  . ■),  I.'  • " 

unrelated  items  after  onlj'^  one  present  on  of  iho 

i ' ' ' I -y..  y 

Visual  Memor*r:  the  ability  to  'jvca*l  -nata?’  hi  learned  by  f ' ' ( 


the  formation  of  an  li«ge  bf  a whole  vlsival  f .eld, 

Three  additional  Mmory  tests  previously  constructed  by  the  EdU- 
cational  Testing  Servljie  were  also  included  in' this  study. 

In  order  to  assest  the  ^neriillty  of  whatever  membry  factors  might 
be  found,  tests  of  varied  content  and  type  were  used.  The  battery  in- 
cluded both  verbal  and  non-verbal  tests)  some  tests  required  recogni- 
tion, some  depended  upf>*  completion  recall,  while  others  depended  upon 
free  recall)  some  tests  were  presented  visually,  while  others  were  ad- 
ministered auditorily,  ‘the  material  used  included  nuidtMrs,  letters, 
nonsense  syllables,  words,  sentences^  stories,  limericks,  maps,  pictures, 

ji  'll: 

\i  ' . 

''  I ■ 
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and  geometrl'?  designa  and  symbols.  A few  tests  of  delayed  retention 
were  Included,  but  the  longest  delay  was  only  about  30  minutes. 

Since  the  factor  analysis  was  operationally  Independent  of  the 
hypotheses,  once  the  test  battery  was  constructed,  the  analysis  reveals 
the  structure  underlying  the  behaviors  covered  by  the  test  battery) 
thus  the  analysis  provides  a check  on  the  foregoing  hypotheses  or  indi- 
cates alternative  hypotheses.  To  clarify  the  nature  of  the  memory 
factors,  13  reference  tests  measuring  previously  identified  aptitude 
factors  ware  included  in  the  battery,  bringing  the  total  nuidber  of  tests 
up  to  UO. 

These  te^rts  were  administered  to  liU2  pilot  cadets  at  Lackland  Air 

■ ' ' ' 1, 

Force  Base,  San  Antonio,  Texas.  The  test  scores  were  intercorrelated, 
and  the  resulting  aatriia  of  correlation  coefficients  was  factor-analysed. 
A variation  of  the  multiple-grouping  method  of  analysis  was  used,  with 
t.hc  solution  being  itera.ted  twice  to  stabilise  both  the  coomunalities 
and  the  weights  applied  to  the  variables.  The  resulting  factor  matrix 
was  then  rotated  to  oblique  simple  structure.  Eleven  factors  were 
found  in  this  battery  oi  UO  tests.  Fhe  computation  of  the  correlation 
coefficients  and  the  extraction  of  factors  were  carried  out  on  the 
I.B.U.  Card-Programmed  Calculator  ai  the  Forrestal  Research  Center  of 
Princeton  University)  the  rotation  of  axes  was  accomplished  by  use  of 
the  Matrix  Rotator  atil The  Adjutant  General's  Office  in  Washington,  D.  C. 

Three  of  the  eleven  .tec tors.  Rote  Memory,  Meaningful  Memory,  and 
Cpan  Memory,  are  rather  clearly-defined  memory  factors)  the  fourth 

I 

memory  factor  is  not  so  clear-cut.  The  reference  tests  clearly 
Identify  three  other  facto:i^s  as  yerbal  y<»prehension.  Numerical  Facility, 
and  Perceptual  Speed.  Theieighf|!h  factor  is  a doublet  representing  the 
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specific  Tariancs  of  testa  3 and  22,  shich  are  parallel  tests.  The 
renaining  three  factors  all  appear  to  involve  visual  tasks)  these 
factors  seen  to  represent  ViaualiBstion,  Spatial  Relations,  and  Visual 
Mesiory,  but  the  identifications  are  xmcertain  since  there  seeas  to  be 
confounding  with  Deduction  and  Psychomotor  Coordination  factors. 

The  conclusions  dram  from  this  study  may  be  stated  as  f oUoss : 

1.  Factors  mare  found  mhlch  correspond  to  the  hypothesised  factors 

of  Rote  Ueaory,  Meaningful  Memory,  and  Span  Memory.  The  fact  that  Rote 
Memory  is  distinct  from  Meaningful  Memory  has  been  suggested  before, 
e»g.i  Katona  (U2),  McQeooh  Jones  (38),  but  never  clearly  demon- 

strated by  factor-analytic  techniques.  Also,  the  separation  of  Span 
Memory  from  Rote  Memory  itas  suspscted  but  not  too  convincingly  demon- 
strated, e.g..  French  p.  220  and  p.  2U6),  Jones  (36). 

2.  All  three,  of  these  lectors  are  general  for  both  visual  and 
auditory  presentation  of  material. 

3.  Both  Rote  Memory  aztd  Meaningful  Memory  are  general  for  the 

three  types  of  tests  used— recognition,  completion  recall,  and  free 

recall)  Span  Memory  is  possibly  restricted  to  free  recall  tests. 

* 

U.  Meaningful  Memory  is  probably  general  for  both  verbal  and 
non-verbal  material,  i^ile  Rote  Memory  and  Span  Memory  are  possibly 
restricted  to  verbal  material. 

5.  The  evidence  mith  regrrd  to  the  hypothesised  factor  of  Visual 
Mesxnry  is  equivocal)  neither  positive  nor  negative  conclusions  about 
it  may  be  drawn. 

6.  The  possibility  of  an  Auditory  Memory  factor  is  suggested  by 


this  analysis 
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B.  Recommendations  for  Further  Research 

Many  problene  on  which  further  research  is  needed  have  been  sug- 
gested by  this  study)  these  problems  seem  to  fall  into  six  categories. 
The  categories,  together  with  some  of  the  areas  for  study  within  each 
category,  will  be  given  below. 

1«  Teat  development.  Uuch  time  could  be  spent  profitably  in  re- 
vising and  Improving  the  tests  used  in  this  study.  For  one  thing,  the 
difficulty  level  of  several  of  the  testa  needs  to  be  adjusted)  test  3 
was  too  difficult  for  this  population,  while  tests  ii,  6,  13,  1!?.  16, 
and  17  were  too  easy. 

As  in  most  large  factor  analysis  studies,  the  tests  used  in  this 
investigation  were  all  very  short  because  of  limitations  in  testing 
time)  this  shortness  tends  to  make  the  tests  less  reliable.  As  was 
pointed  out  in  Chapter  III,  the  communality  estimate  for  each  test  is 
a lower-bound  estimate  of  the  reliability  of  that  test)  a look  at 
these  communality  estimates  in  Table  C-U  shows  that  while  most  of  the 
tests  were  satisfactorily  reliably  some  possibly  were  not. . It  is 
likely  that  the  factor  content  of  the  tests  which  had  extremely  low 
communal! ties  in  this  study  wo\ild  be  clarified  if  the  tests  were  made 
more  reliable)  hence  one  important  step  in  further  research  would  be 
to  check  directly  the  reUabilltlea  of  the  memory  testa  used  in  this 
study,  particularly  those  tests  with  low  coomunalitles,  and  to  make 
Improvements  in  the  tests  in  order  to  raise  the  reliabilities  where 
necessary. 

2.  Clarification  of  factors.  To  clarify  the  nature  of  the 
Rote  Memory  factor,  it  would  be  desirable  to  develop  additional 
recognition  and  free  recall  teats  to  measure  Rote  Memory)  also  it  is 
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necessary  to  detemlne  ehether  or  not  this  factor  can  be  neasured  by 
the  use  of  non-verbal  material. 

With  regard  to  the  Meaningful  Memory  factor,  an  attempt  should  be 
made  to  construct  other  recognition  and  free  recall  tests  which  will 
measure  it  better^than  did  the  tests  of  these  kinds  used  in  this  study. 
It  is  possible,  of  course,  that  the  test  revision  recommended  in  (1) 
above  will  itself  raise  the  factor  coefficients  of  the  recognition  and 
free  recall  testa  iriilch  were  measxires  of  Meaningful  Memory  in  this 
study.  Another  point  which  needs  to  be.  checked  is  whether  or  not  this 
factor  can  be  measured  by  non-verbal  material.  The  most  critical  prob- 
lem, however,  is  to  design  experiments  which  will  distinguish  between 
different  possible  definitions  of  "meaning." 

The  nature  of  the  Span  Memory  factor  needs  to  be  clarified  by 
answers  to  the  questions  as  to  whether  or  not  this  factor  can  be  meas- 
ured only  by  free  recall  testa,  and  whether  or  not  it  can  be  measured 
only  by  verbal  material. 

It  might  well  prove  helpful  in  investigating  the  nature  of  all  of 
these  factors  to  get  Introspective  reports  from  subjects  who  are  either 
very  high  or  very  low  on  <me  or  more  of  these  factors. 

3.  Identification  of  new  factors.  Another  study  is  necessary  to 
answer  the  question  as  to  the  existence  of  a Visual  Memory  factor} 
this  new  study  should  include  improved  forms  of  the  tests  used  in  this 
study  which  were  intended  to  be  measures  of  Visual  Memory,  additional 
new  tests  also  specifically  constructed  to  measure  Visual  Memory,  and 
reference  tests  which  will  clearly  separate  out  the  variance  due  to 
the  previously  discriminated  factors  of  Spatial  Relations  and  Visualisa- 
tion. 


This  study  has  suggested  the  possibility  of  an  Auditory  Henory 
factor;  attempts  should  be  made  to  clarify  further  the  nature  of  this 
factor  and  to  determine  mhether  or  not  it  is  limited  to  verbal  tests* 

It  is  possible  that  this  factor  might  be  related  to  one  or  more  of 
Karlin's  factors  (UOt  Ul);  in  any  case,  further  investigation  is  needed 
into  the  nature  of  auditory  memory  factors  and  their  relationship  to 
other  memory  factors* 

If  it  is  possible  to  demonstrate  the  existence  of  Visual  Memory 
and  Auditory  Memory  factors,  might  it  not  also  be  possible  to  find  one 
or  more  Kinesthetic  Memory  factors?  This  is  another  possibility  which 
should  be  explored. 

U*  Validity  studies*  It  is  highly  probable  that  measures  of 
these  different  memory  factors  will  be  useful  in  many  problems  of  dif- 
ferential prediction  of  human  behayiori  in  particular,  they  will  prob- 
ably Improve  our  ability  to  make  differential  predictions  of  success  or 
failure  in  educational  and  occupational  situations.  A number  of  validity 
studies  are  needed  to  explore  these  possibilities* 

$*  Testing  methods*  Investigation  is  needed  in  order  to  deter- 
mine the  effect  of  the  method  of  testing  on  the  factor  content  of  the 
memory  teats.  In  particular,  three  methods  might  be  investigated. 

The  first  method  is  one  used  to  measure  learning;  traditionally 
learning  has  been  measured  by  some  variable  such  as  amount  of.  time  or 
number  of  trials  required  I9  the  subject  to  reach  an  arbitrarily  defined 
criterion  of  learning.  A better  method,  however,  would  be  to  plot  an 
individual  learning  curve  for  each  subject  and  to  define  the  learning 
score  or  scores  in  terms  of  the  parneters  of  that  curve.  If  such 
parameters  were  used  as  scores,  individual  testing  would  probably  be 
necessary. 


The  second  testing  method  is  one  used  to  test  forgetting}  tradi- 
tionally forgetting  has  been  measured  by  the  amount  retained  by  the 
subject  at  the  end  of  a fixed  interval  of  time  after  some  arbitrarily 
defined  criterion  of  learning  has  been  reached.  Probably  the  best 
may  to  establish  the  criterion  of  learivLng  would  be  to  plot  a learn- 
ing curve  for  each  subject  and  to  define  the  criterion  in  terms  ol  the 
parameters  of  that  curve.  It  would  also  be  possible  to  plot  an  indi- 
vidual forgetting  curve  for  each  subject  and  to  use  the  parameters  of 
that  curve  as  scores  for  forgetting.  Again  individual  testing  would 
probably  be  necessary. 

In  the  third  testing  method  it  is  the  amount  retained  by  each 
subject  at  the  end  of  an  allotted  amount  of  study  time  that  is  meas- 
ured) this  is  the  method  most  often  used  in  group  testing.  In  this 
method  each  subject  is  free  to  allocate  his  study  time  for  a test  in 
the  way  which  seems  to  him  to  be  most  advantageous  rather  than  being 
forced  to  allocate  it  in  accordance  with  a schedule  which  has  been 
predetermined  by  the  experimenter. 

A comparison  of  the  factor  content  of  memory  tests  administered 
by  these  three  testing  methods  should  be  helpful  in  interpreting  the 
nature  of  the  factors  themselves  as  well  as  in  relating  and  interpret- 
ing the  results  of  the  many  studies  which  have  used  these  methods. 

6.  Other  types  of  memory.  This  study  dealt  only  with  relatively 
immediate  intentional  retention)  work  needs  to  be  done  on  both  inci- 
dental memory  and  long-term  memory.  Questions  as  to  how  many  factors 
are  involved  in  each  of  these  domains  and  as  to  whether  the  nature  of 
those  factors  will  bo  similar  to,  or  different  from,  those  found  in  the 
domain  of  immediate  intentional  memory  remain  to  be  answered. 
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APPENDIX  A 


Directions  for  Experimental  Tests 

1.  Uemory  for  Idmericks  Test 

2.  Letter  Span  Test  I (Visual) 

3.  Uemory  for  Syllables  Test  I 
U.  Consequences  Test  I 

5.  Nvimber  Span  Test  I (Auditory) 

6.  Uemory  for  Words  Test  I (Unrelated  words) 

7.  Recognition  Test  I (Syllables) 

8.  Uemory  for  Ideas  Test  (Story) 

9*  Uap  Uemory  Test  I (Reproduction) 

10.  Number  Span  Test  II  (Visual) 

11.  Ueaningful  Uemory:  Picture  Test 

12.  Ueaningful  Uemory:  Paragrai^  Test 

13.  Ueaningful  Uemory:  Number  Test 

lU.  Letter  Span  Test  II  (Auditory) 

15 « Reproduction  of  Visual  Designs  Test 
16.  Consequences  Test  II  (Verbal) 

17*  Recognition  Test  II  (Words) 

18.  Uemory  for  Numbers  Test 

19*  Uap  Uemory  Test  II  (Verbal) 

20.  Uap  Uemory  Test  III  (Recognition) 

21.  Sentence  Span  Test 

22.  Uemory  for  Syllables  Test  II 
23*  Recognition  Test  III  (Figures) 

2U*  Uemory  for  Relations  Test 

2$,  Sentence  Completion  Test 

26.  Uemory  for  Instructions  Test 

27*  Uemory  for  Words  Test  II  (Related  ifords) 


First 


Nldii* 


SAMK 

(roisi)  Uat 


Boat  I 

Form  ASTLl 


This  hocdc  coQtains  6 tests.  The  examiner  vlll  tell  you 
irtien  to  begin  and  end  each  test.  During  the  time  allowed 
for  one  test  you  are  to  work  only  on  it.  Do  not  turn  back 
to  a test  after  the  time  for  that  test  is  over. 

For  all  the  tests  In  this  book  you  are  to  mark  your  ansvers 
in  the  spaces  prorlded  in  the  book. 

There  are  several  types  of  tests.  You  vlll  find  special 
dlrectlona  for  each  type.  Be  sure  you  understand  the  direc- 
tions before  attempting  to  «msver  any  guestlcns. 


DO  BOT  BREAK  THB  BBAL  UKTIL  TOO  ARI  T0U>  TO  DO  SO. 
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!-KMORY  FOR  L.l  I 


TKl'T 


Directions 

In  •^hls  test  you  will  be  given  5 minutes  to  study  a group  of  30 
limericks.  Later  you  will  be  given  tlie  first  four  lines  of  each 
limerick,  aind  your  task  will  be  to  fill  In  the  correct  last  line. 

For  example,  you  will  study  limericks  like  the  following: 

*niere  was  a young  lady  from  Niger 
Who  smiled  as  she  rode  on  a tiger. 

They  returned  from  the  ride 
With  the  lady  inside 
And  the  smile  on  the  face  of  the  tiger. 

Later  you  VUl  turn  to  the  euiswer  page  which  contains  only  the  first 
four  lines  of  each  limerick,  like  this: 

There  was  a young  lady  from  Niger 
Who  smiled  as  she  rode  on  a tiger. 

They  returned  from  the  ride 
With  the  lady  inside 


In  the  blank  space  you  are  to  write  the  last  line  exactly  as  it  was  In 
the  original  limerick.  If  you  do  not  remember  the  exact  words,  write 
the  line  down  as  best  you  remember  it;  but  try  to  remeniber  the  exact 
words,  if  possible. 

Are  there  any  questions? 


DO  NOT  TURI^  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


LETTER  SPAN  TEST  I 


Directions 


In  this  test,  the  examiner  will  hold  up  a card  containing  a series 
of  letters.  The  letters  will  be  unrelated  to  each  other.  When  the 
examiner  removes  the  card  from  sdght,  you  are  to  write  down  the 
letters  in  the  exact  order  in  which  they  were  printed  on  the  card. 

Do  not  write  any  letters  until  the  examiner  has  taken  away  the  card. 

For  example,  the  examiner  might  call  out,  "Series  One,"  and  then  hold 
up  a card  like  this: 


H B L 


When  he  removes  the  card  from  sight  and  says,  "Now, " print  the  letters 
on  the  answer  page  in  this  manner: 

H R L 


Only  the  following  letters  will  be  used:  C,  F,  G,  H,  K,  L,  P,  R,  S, 

W,  Y. 

Some  of  the  series  will  be  too  long  for  you  to  remember  all  of  the 
letters.  If  you  do  not  remeod>er  some  of  them,  leave  a blemk  space 
for  them  and  put  down  all  the  letters  you  do  remend>er.  Try  to  remeinber 
all  the  letters  if  possible,  and  be  sure  to  write  them  down  so  that  they 
will  be  in  the  exact  order  in  which  they  were  printed  on  the  card. 

In  this  test  it  is  very  important  that  no  letters  be  written  while  the 
letters  are  being  shown  on  the  card,  since  the  test  is  intended  to 
measure  memory  for  letters. 


Do  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOU)  TO  DO  SO. 


NOTE  1:  Oral  Diractions  for  LETTER  SPAM  TEST  I 


Subsequent  to  the  prep^atiofi  of  the  test  booklets,  It  was  de- 
cided to  administer  Letter  Span  Test  I in  a different  manner  from  that 
indicated  in  the  directions  on  the  preceding  page.  Therefore,  after 
the  examinees  read  the  directions  in  the  test  booklet  they  were  girsn 
the  following  instructions  by  the  examiner: 

There  is  a slight  change  in  the  directions  for  this  test. 

Instead  of  showing  you  all  the  letters  in  a letter-span 
set  on  one  card,  I will  show  you  the  letters  one  at  a time 
on  separate  cards.  For  example,  if  the  practice  problem 
on  the  direction  page  were  the  first  letter-span  set  In  the 
test,  I would  call  out  **Seiies  one."  Then  I would  show 
you  the  letters  in  the  series  like  this. 

The  examiner  then  demonstrated  the  technique  of  presentation  to 

be  used.  After  showing  the  last  card,  he  said: 

After  I have  showed  you  the  last  card  in  each  series  I will 
say  "Now,"  and  you  are  to  write  down  as  many  of  the  letters 
as  you  can  remember. 

After  answering  all  questions,  the  examiner  proceeded  with  the  ad- 
ministration of  the  test. 


MEMORY  FOR  SYUABLES  TEST  I 


Direct ioae 


In  this  teat  you  will  be  given  i minute  to  study  6 pairs  of  nonsense  syll- 
ables. Bach  syllable  is  formed  by  placing  a vowel  between  two  consonants. 

You  are  to  memorize  the  syllables  so  that  when  the  first  syllable  of  the  pair 
is  given  you  can  answer  with  the  second  syllable  if  that  pair. 

For  example,  the  following  pairs  are  like  the  ones  you  will  study: 

L A J — F E H 
G I W — Q A P 

After  studying  the  pairs  for  1 minute  you  will  be  told  to  turn  to  the  answer 
page.  On  it  you  will  be  given  the  first  syllable  in  each  pair.  In  the 
blank  space  after  each  syllable  you  are  to  write  from  memory  the  syllable 
which  completes  the  pair. 

The  answer  page  for  the  pairs  given  above  might  look  like  this: 

G I W — 

L A J — 

In  the  first  blank  you  would  write  in  the  syllable  "Q  A P, " and  in  the  second 
blank  the  syllable  "7  E H."  Notice  that  the  pairs  on  the  answer  page  will 
not  be  in  the  same  order  as  the  pairs  on  the  study  page. 

This  test  will  have  two  parts.  The  directions  for  each  pert  are  exactly  the 
same— study  the  pairs,  then  fill  in  the  blanks  on  the  answer  page. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO 


00  « TO  TBB  nxr  PAQS 


GO  OR  TO  m RBXT  FM2 
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NUMBER  SPAN  TEST  I 


Directions 


In  this  test,  the  examiner  vlll  call  out  a series  of  numbers.  After  he 
finishes,  you  are  to  write  down  the  numbers  In  the  exact  order  In  which 
they  were  called  out.  Do  not  write  ax^  numbers  until  the  examiner  has 
finished  the  whole  series. 

for  example,  the  examiner  might  call  out,  "Series  One.  7 2 4 Now." 

When  he  says,  "How,"  showing  that  the  series  Is  conq>lete,  write  the 
numbers  on  the  answer  page  In  this  manner: 

1.  7 2 4 


Some  of  the  aeries  will  be  too  long  for  you  to  remember  all  of  the 
numbers.  If  you  do  not  remember  some  of  them,  leave  a blanh  space  for 
them  and  write  down  all  the  numbers  you  do  remember.  Try  to  remember 
all  the  nuabers  If  possible,  and  be  sure  to  write  them  down  In  the  exact 
order  In  which  they  were  called  out. 

It  is  veCT  Important  that  no  numbers  be  written  while  the  numbers  are 
4eing  called  out,  since  the  test  Is  Intended  to  measure  memory  "for 
nuibers. 


DO  HOT  TUBH  THIS  PAGE  UNTIL  YOU  ABE  TOU)  TO  DO  SO. 
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I 


riEIlORY  FOR  WORDS  TEST  1 
Directions 


This  is  a test  of  your  ability  to  remember  pairs  of  ui':-olated  words 
which  you  have  heard.  First  the  examiner  will  read  aicud  twice  a list 
of  10  pairs  of  words . The  list  will  not  be  read  in  tho  c vaic  order  both 
times.  After  that,  he  will  ask  you  to  turn  to  the  anu\-or  page.  Then 
he  will  read  aloud  the  first  word  of  each  pair.  After  each  word  is  read, 
you  az^  to  write  down  the  word  which  was  paired  with  it  in  the  list. 

For  ex8sq>le,  the  exsuiner  will  read  out  a list  of  pairs,  like  this: 


First  reading: 

mule 

— gold 

nail 

— .wren 

lark 

— seal 

Second  reading: 

lark 

— seal 

nail 

— wren 

mule 

— gold 

You  would  then  turn  to  the  auisirer  page,  which  would  look  like  thlat 

1. 


2, 


3.  

The  examiner  would  read  out,  lluiiiber  1;  nail,"  and  you  would  then  write 
the  word  'Siren''  In  the  first  space.  Hr  would  then  read  out,  "Number  2; 
mule,"  and  you  would  write  the  word  "gold"  in  the  second  space.  Then, 
"Huidier  3;  lark,"  and  you  would  write  "seal." 

Notice  that  the  pairs  will  not  be  asked  in  either  of  the  orders  in  which 
they  wezre  read. 

This  test  will  have  two  parts.  The  directions  for  each  part  are  exactly 
the  same— the  examiner  will  read  10  pairs  of  words  twice,  then  as  he  reads 
the  first  word  of  each  pair  again  you  are  to  write  the  second  word  of  that 
pair  on  the  answer  page. 

Are  there  any  questions? 


DO  NOT  TUHN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


RANI 

(FBim)"TaK TIrR KOSTS 


BOOK  II 


Fom  AXII£ 


this  hook  contains  7 tests.  Ihe  ezaalner  will  tell  you  when 
to  begin  and  end  each  test.  During  the  time  allowed  for  one 
test  you  sure  to  narJi  only  on  it.  Do  not  turn  back  to  a tost 
after  the  time  for  thai  Mst  is  over. 


For  all  the  tests  in  this  book  you  are  to  nark  your  answers 
in  the  spaces  provided  in  the  book. 


There  are  several  types  of  tests.  Tou  will  find  special 
directions  for  each  type.  Be  sure  you  understand  the  dlrse. 
tiona  before  attenpting  to  answer  qussiions. 


DO  VQT  BBMK  TBB  8IAL  DRIL  TOO  ABB  TOU>  TO  DO  80. 


A.. 


RECOGNITION  TEST  I 


Directions 


This  is  a test  of  your  ability  to  recognize  nonsense  syllables  which 
you  have  previously  studied . Each  syllable  is  formed  by  placing  a 
vowel  between  two  consonants.  First  you  will  study  a list  of  18  non- 
sense syllables.  For  example,  the  syllables  you  study  will  be  like  these: 

L A J 
G I W 

After  studying  the  list  for  1 minute  you  will  be  told  to  turn  to  the 
answer  page.  On  it  you  will  be  given  a list  of  36  syllables.  The 
answer  page  might  look  like  this: 


Yes  No 

G I W 

Yes  No 

Q A P 

X 

Yes  No 

F E R 

Yes  No 

L A J 

You  are  to  put  a cross  mark  in  the  "YES"  box  by  the  syllable  if  that 
syllable  was  in  the  first  list  you  studied;  you  are  to  put  a mark  in 
the  "NO"  box  if  It  was  not  in  the  list  you  studied.  The  first  two 
syllables  have  been  meirked  correctly. 

You  will  be  allowed  1 ndnute  to  study  the  list  of  18  nonsense  syllables. 
You  will  NOT  be  allowed  to  refer  beu:k  to  tlie  first  list  in  answering  the 
questions . 

Are  there  any  questions? 


DO  NOT  TURN  TH7C  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


MEMORY  FOR  UMBAS  TEST 


Direct  loM 

I 


Thlt  Is  a test  of  your  ability  to  resesber  logically  connected 
■aterial  vhen  it  is  read  to  you.  First  the  exsal)  er  vlll  read 
aloud  a very  brief  story  entitled > "The  Marble  Statue."  After 
he  finishes  reading  the  story,  you  are  to  t\irn  this  page  and 
vrite  down  as  ouch  of  the  story  as  you  can  renesber.  You  nay 
use  your  own  words  in  writing  the  story,  but  try  to  renenber  as 
aany  ideas  and  details  as  possible. 

, Are  there  any  q.uestlonsT 


DO  ROT  TURN  THIS  FADE  UNTIL  YOU  ARB  TOLD  TO  DO  80. 


MAP  MEMORY  TEST  1 


Directions 


In  this  test  you  vlll  be  asked  to  study  a nap  and  then  to  draw 
it  from  memory.  First  you  vlll  be  given  2 minutes  to  study  a 
nap.  Then  you  vlll  turn  to  the  ansver  page  and  drav  the  map  as 
veil  as  you  can  remember  It.  You  vlll  be  scored  on  the  number  of 
details  of  the  original  map  that  you  remenber  and  also  on  \^ther 
or  not  each  detail  Is  put  In  approximately  the  correct  place  on 
the  nap. 

You  vlll  have  2 minutes . to  study  the  map  and  5 minutes  to  drav  It . 
You  vlll  ROT  be  alloved  to  look  back  at  the  map  after  the  2>mlnute 
study  period  Is  over. 

Are  there  any  questions? 


m NOT  TUHR  THIS  PAGE  URTIL  YOU  ARB  TOU)  TO  DO  SO. 


NUMBER  SPAN  TEST  II 


Directiona 


In  this  test,  the  examiner  will  hold  up  a card  containing  a aeries 
of  numbers.  The  numbers  will  be  unrelated  to  each  other.  When  the 
examiner  removes  the  card  from  sight,  you  are  to  write  down  the 
numbers  in  the  exact  order  in  which  they  were  printed  on  the  card 
Do  not  write  any  numbers  until  the  examiner  has  taken  away  the  caird.  ' 

For  example,  the  examiner  might  call  out,  "Series  One,"  and  then  hold 
up  a card  like  this: 


7 2 4 


When  he  removes  the  card  from  sight  and  says,  "Now,"  write  the  nuidbers 
on  the  answer  page  in  this  manner: 


SoM  Of  the  series  will  be  too  long  for  you  to  remend>er  all  of  the 
nwibers.  If  you  do  not  remember  some  of  them,  leave  a blank  space 
for  them  and  put  down  all  the  numbers  you  do  remember.  Try  to  resMOber 
all  the  numbers  if  possible,  and  be  sure  to  write  them  down  so  that  they 
viii  be  in  the  exact  order  In  which  they  were  printed  on  the  card. 

In  this  test  It  is  very  important  that  no  mmbers  be  written  while  the 
numbers  are  being  shown  on  the  card,  since  the  test  is  intended  to 
measyge  memory  for  numbers. 


DO  MOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


NOTE  2i  Oral  Dlreetiona  for  NlMBESl  SPAM  TEST  II 


Ntiber  Span  Taat  II  iraa  adtalnlatered  In  the  aMe  Banner  as  Latter 

Span  Teat  I.  After  the  examineea  read  the  dlreotiona  In  the  test 

booklet  (lAiloh  are  shosn  on  the  preceding  page),  they  ware  given  the 

foUoalng  instructions  by  the  examiner: 

There  is  a slight  char^  in  the  directions  for  this  test. 

Instead  of  shoeing  you  all  the  nuabers  in  a nuaber-epan  aet  on 
one  card,  I Bill  show  you  the  mmibers  one  at  a time  on 
separate  cards*  For  ezanple,  if  the  praotlee  problem  on 
the  direotlon  page  mere  the  first  mm^r-span  Aet  in  the 
test,  I mould  call  out  "Series  one*"  Then  I mould  show  you 
the  numbers  in  the  series  like  this. 

The  examiner  then  demonstrated  the  technique  of  presentation  to 

be  used*  After  shofdng  the  last  card,  he  said: 

After  I have  showed  you  the  last  card  in  each  series  I will 
say  "Now,"  and  you  are  to  write  down  as  many  of  the  mmibers 
as  you  can  remember*  Are  there  any  questions? 

After  answering  all  questions,  the  exaniner  proceeded  with  the  ad- 
ministration of  the  test* 


MEANINGFUL  MEMORY  TEST 


Directions 


In  thia  teat  you  vill  be  given  three  different  seta  of  aiaterial 
to  atudy.  You  vill  be  allowed  5 minutes  to  study  each  set. 
During  the  tine  allowed  for  one  set  of  material  you  are  not  to 
study  either  of  the  other  two.  The  examiner  will  tell  you  when 
to  begin  and  end  each  one. 


Later  you  will  be  asked  questions  concerning  the  material  in 
this  test.  You  will  not  be  allowed  to  see  the  original  material 
tdien  you  answer  the  questions . 


DO  HOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


NOTE  3:  Directions  for  Study  Pages  of  MEANINGFUL  MEMORY  TEST 


The  directions  for  each  of  the  separate  parts  of  the  Meaningful 
Maawy  Test  are  give?::  below.  The  directions  were  printed  at  the  top 

of  the  study  page  for  each  part. 

C J 


Part  lA:  Picture 


Time — 5 minutes 

Directions ; Study  the  picture  below.  Later  you  will  be  shown 
a picture which  is  similar  to  this  one  but  which  differs  from 
it  in  several  respects > and  you  will  be  asked  to  compare  the 
two.  You  will  not  be  allowed  to  look  back  at  the  picture 
below  when  you  are  shown  the  second  picture. 


Part  2A;  Paragraph 
Time — 5 minutes 

Directions : Memorise  as  many  of  the  facts  in  the  following 
passage  as  you  can  in  the  time  allowed.  Later  you  will  be" 
asked  to  indicate  whether  statements  made  about  the  material 
in  the  passage  are  true  or  false.  You  will  not  be  allowed 
to  turn  back  to  the  passage. 


Part  3At  Number 
Time— ^ minutes 

Directi » Memorise  as  many  of  the  numbers  below  as  you 
can  in  the  tia»  allowed.  Later  you  will  be  asked  irtiat  the 
nuabers  are.  You  will  be  allowed  to  turn  back  to  the 
numbers . 


-29- 


tBTTKR  SPAN  TB3T  II 


Dlrectlona 


In  this  test^^^»>hie  exaniner  vlU  call  out  a series  of  letters.  After  he 
finishesi  to  write  down  the  letters  in  the  exact  order  In  which 

they  were  ^ll|Kd  out.  Do  not  write  any  letters  until  the- examiner  has 
finished  thi^mole  series. 

for  exBBiple>  the  exesilner  might  call  out,  "Series  One.  ERL  Now." 

Nhsn  he  says,  "Now,"  showing  that  the  series  Is  complete,  write  the 
letters  on  tlte  answer  page  in  this  manner: 

1.  H R L 

Only  the  following  Letters  will  be  used:  C,  P,  Q,  H,  K)  L>  P,  R,  8, 

W,  T. 

8oa»  of  the  series  will  be  too  long  for  you  to  remeribef  hU  of  the 
letters . If  you  do  not  remeaher  some  of  them,  leawe  a blank  space  for 
them  and  write  down  all  the  letters  you  do  remeaber.  Try  to  rearaber 
all  the  letters  If  possible,  and  be  sure  to  write  them  down  In  the  exact 
order  In  idiich  they  were  called  out . 

Ae  In  ^ further  Span  Test,  It  Is  very  Important  not  to  write  anything 
wbile  ttie  iet^rm  are  being  called  out. 


DO  NOT  TORN  OBIS  PAGE  UNTIL  YOU  ARB  TOU)  TO  DO  SO. 
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REPRODUCTION  OF  VISUAL  DESIGNS  TEST 


Directions 


In  this  test,  the  examiner  will  hold  up  a card  on  which  there  will  be  a 
simple  design.  You  are  to  study  this  design  so  that  when  it  is  removed, 
you  can  draw  a copy  of  It.  For  example,  one  design  might  be  like  this: 


When  the  examiner  removes  the  card  containing  the  design,  draw  a copy  of 
the  design  In  the  space  indicated  on  the  answer  page.  You  may  make  the 
drawing  way  size  you  want,  as  long  as  it  fits  in  the  space  provided,  but 
try  to  reproduce  the  proportions  and  parts  of  the  original  design  as  well 
as  possible.  For  example,  these  %rould  be  good  copies: 


These  would  be  poor  copies: 


There  will  be  ten  designs.  After  esM:h  design  has  been  removed,  draw  a copy 
of  it.  You  will  be  allowed  to  study  each  design  for  only  5 seconds. 

It  is  very  Important  that  you  do  not  begin  drawing  until  the  examii:er  has 
removed  the  card  containing  the  design,  since  this  test  is  Intended  to 
measiire  your  ability  to  remeniber  the  design. 

Are  there  any  questlonsT 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


MEANINOFUL  MEMORY  TEST 


Directions 


In  this  test  you  %rlll  be  asked  questions  concerning  the  three  sets 
of  anterial  you  studied  previously.  You  will  be  allowed  5 minutes 
for  each  part.  During  the  time  allowed  for  a part  you  are  to  work 
on  that  part  only.  The  examiner  will  tell  you  when  to  begin  and  end 
each  one. 

Mark  your  answers  to  the  questions  in  the  test  book  In  the  spaces 
Indicated . 


DO  HOT  TURK  THIS  PASE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


NOTE  U:  Directions  for  Answer  Pages  of  MEANINGFUL  MEMORf  TEST 


The  directions  for  each  of  the  separate  parts  of  the  Meaningful 
Memory  Test  are  shown  below.  The  directions  were  printed  at  the  top 
of  the  answer  page  for  each  part. 


Part  IB:  Picture 


Time — 5 minutes 

Directions ; The  picture  below  (picture  2)  is  similar  to  the 
one  which  you  saw  earlier  (picture  l),  but  you  will  observe 
that  a nxmber  of  change?  have  been  made.  Study  picture  2 and 
then  Indicate  whether  each  of  the  following  statements  is 
true  or  false. 


Part  2B:  Paragraph 

Time—^  minutes 

Directions : You  are  to  decide  iriiether  each  of  the  following 

statements  is  true  or  false  according  to  the  passage  about 
• . . that  you  studied  earlier. 


Part  3B : Number 


Time—5  minutes 

Directions : The  questions  in  this  part  are  baaed  on  the 

n^SEeriTl^esented  in  connection  with  the  sales  at  Miller's 
and  Adams'  Department  Stores.  For  each  question  circle 
the  answer  you  think  is  correct. 

It  will  help  you  to  write  down  in  the  space  below  all  the 
numbers  you  can  remember  in  connection  with  the  sales  before 
you  attempt  to  answer  the  questions. 


BOOK  III 


Fora  AXTL3 


1hl«  book  contalba  12  tests.  Ibe  exanlaer  viU  tell  you  vhen  to 
begin  end  end  each  test.  Durlog  the  tine  allowed  for  one  test 
you  are  to  vork  oi^  on  It.  Do  not  turn  back  to  a test  after  the 
tlas  for  that  teiFls  over. 


For  all  tests  In  this  book  you  are  to  nerk  your  ansvers  In  the 
spaces  provided  In  this  book. 


There  are  several  types  of  tests.  You  vlU  find  special  directions 
for  each  type.  Be  sure  you  understand  the  directions  before 
attesjptlng  to  answer  any  questions. 


DO  HOT  BREAK  TSB  SEAL  Uffm.  YOD  ARE  T0U>  TO  DO  80. 


CONSEQUENCES  TEST  II 
Directions 


This  is  a test  of  your  ability  to  remember  relations.  The  examiner  will  read  aloud 
20  pairs  of  sentences.  Tlie  two  sentences  in  each  pair  will  be  related  to  each 
other.  The  following  pairs  are  examples  of  what  the  20  pairs  will  be  like: 

The  effect  of  the  news  %ias  amazing. 

There  was  a great  celebration. 

The  little  boy  came  into  the  house  covered  with  dirt. 

He  had  been  fighting  again. 

After  all  the  pairs  have  been  read,  the  examiner  will  read  out  the  first  sentence 
in  each  pair  again.  After  the  first  sentence  of  the  pair  has  been  read,  yOu  are 
to  write  down  the  second  sentence  which  completes  the  pair.  :It  is  not  necessary 
to  use  the  exact  vords  of  the  second  sentence,  but  try  to  write  down  the  main  idea 
it  contained.  The  first  sentences  will  not  be  re>read  in  the  same  order  as  the 
pairs  were  read. 

For  example,  the  examiner  might  read  out  the  pairs  given  above.  Then  he  would 
say,  "Turn  to  the  answer  page.  After  I read  out  each  sentence,  write  down  the 
sentence  which  correctly  conpletes  the  pair," 

He  would  then  read,  "The  little  boy  came  into  the  house  covered  with  dirt,"  Then 
you  would  write  down  something  that  said  he  had  been  fighting.  The  following 
sentence  would  be  euj  acceptable  answer:  "He  held  gotten  dirty  while  he  was  fitting." 

Then  the  examiner  would  read,  "The  effect  of  the  news  was  amazing."  Any  answer 
saying  that  there  had  been  a big  celebration  would  be  correct. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 
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RECOQMITION  TE!JT  II 
Dll'fOtionB 


This  is  a tes'  of  your  ability  to  remember  and  recognize  words.  First  the  examiner 
will  reeui  aloud  a list  of  25  unrelated  words.  After  that,  he  will  ash  you  to  turn 
to  the  answer  page.  Tlien  he  will  read  aloud  a list  of  50  words.  After  each  wort 
is  read,  you  are  to  mark  "Yes"  if  that  word  was  In  the  first  list  of  25  words,  or 
mark  "No"  if  it  was  not  in  the  first  list. 

For  exaiqple,  the  first  list  of  words  might  be  like  this: 

oven 

player 

You  would  then  turn  to  the  answer  page,  which  would  look  like  this: 


Yes 

No 

1 1 

1 

Yes 

No 

1 1 

1 1 

Yes 

No 

1 ! 

1 1 

Yes 

No 

M 

u 

The  examiner  would  then  read  out  a list  of  worts.  Ihe  first  word  might  be  "caution." 
Since  this  word  was  not  in  the  first  list,  you  should  put  a mark  in  the  "No"  box 
opposite  the  nvusber  1.  The  whole  list  of  worts  might  be: 


caution 

player 

oven 

basket 


The  answer  page,  correctly  marked,  would  look  like  this: 


Yes 

No 

1 1 

x| 

Yes 

No 

|x 

i 1 

Yes 

No 

1 1 

Yes 

No 

1 

X 

/'•■'I 


Are  there  any  questions? 

DO  HOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 
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MEMORY  FOR  NUMBERS  TEST 
Directions 


In  this  test  you  will  be  given  1 minute  to  study  12  pairs  of  words  and  numbers. 
Each  pair  will  consist  of  a word  followed  by  a number.  You  are  to  memorize  the 
pairs  so  that  when  the  word  is  given  you  can  answer  with  the  number  which  cor> 
rectly  completes  the  pair. 

For  example,  the  following  pairs  are  like  the  ones  you  will  study: 

' bird  — 49 
core  — 17 
time  — 83 

After  studying  the  pairs  for  1 minute  you  will  be  told  to  turn  to  the  answer 
page.  On  it,  you  will  be  given  the  word  in  each  pair.  In  the  blank  space  after 
each  word  you  are  to  write  from  memory  the  number  which  completes  the  pair. 

The  answer  page  for  the  pairs  given  above  might  look  like  this: 

core  — 

time  — 

bird  — 

In  the  first  blank  you  would  write  the  number  ”17,"  in  the  second  blank  the 
number  ”63,"  and  in  the  third  blank  the  number  ”49."  Notice  that  the  pairs  on 
the  answer  page  will  not  be  in  the  same  order  as  the  pairs  pn  the  study  page. 

This  test  will  have  two  parts.  The  directions  for  each  part  are  exactly  the 
same.— study  the  pairs,  then  fill  in  the  blanks  on  the  answer  page. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  IJNTIL  YOU  ARE  TOLD  TO  DO  SO. 


D • 

MAP  MatORY  TEST  II 
Dlrectlona 

In  this  test  you  vlll  be  given  a nap  to  study;  then  you  will  be  asked 
questions  about  It  vhich  nust  be  answered  from  nenory.  The  questions 
nay  be  about: 

1.  The  naaes  of  places  and  things. 

2.  The  location  of  places  and  things  in  relation  to  each  other. 

3.  Routes  froB  one  place  to  another. 

4.  Conpass  directions. 

5.  The  nunber  of  tines  certain  objects  occur  in  the  nap. 

The  following  nap  is  an  exanple. 


SiMPLI  MAP 


After  etudying  the  oap  you  will  turn  the  page  and  be  aeked  to  anaeer  qMMtlone 
like  those  belov.  Mark  your  anavers  by  putting  a circle  around  the  letter  of 
the  correct  anaver.  ^eatlona  1 and  2 hare  been  narked  correctly* 


1*  low  aany  bulldinga  face  Main  Street? 

(A)  2 

(W  5 

(1)  6 


2*  On  ahat  street  is  the  post  office? 

(A)  Main 

(B)  King 

(C)  Land 
Qa)  Bill 

(B  Bfe 


3«  In  idiat  direction  does  the  store  face? 

(A)  forth 

(B)  South 

(C)  last 
(01  Hast 

(l)  Southeast 


4*  Hhat  street  nust  be  crossed  in  going  fron  the  store  to  the  poet  office? 

(A)  Main 
(b)  King 
(C)  Land 
(0)  BiU 
(!)  Bjr« 


Ton  viU  not  be  able  to  look  at  the  original  nap  when  you  are  answering  the  fues- 
tions* 

Tou  will  hare  50  seconds  to  study  the  nap  and  3 ninutes  to  nark  your  answers*  Are 
there  any  questions? 


DO  lOT  IDBB  TD8  PACBB  UITIL  TOU  ARB  TOLD  TO  DO  SO. 


C 
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MAP  MEMORY  TEST  III 


Directions 


The  directions  for  this  test  are  slightly  different  from  those  for  the 
test  you  Just  finished.  This  is  a test  of  your  ability  to  recognize 
sections  of  a map.  You  vrlll  be  given  a map  to  study  for  3 minutes.  Then 
you  will  turn  the  page  and  answer  questions  based  on  the  map. 

Each  question  will  consist  of  5 picttires  of  one  small  section  of  the  map. 
One  of  these  5 pictxiree  will  be  an  accurate  picture  of  that  section  of  the 
map.  The  other  4 pictures  will  contain  wrong  details  such  as  misplaced 
crops,  emitted  roads,  etc.  You  are  to  select  the  correct  picture  and 
blacken  the  space  beneath  it. 

For  example,  the  map  might  be  like  this: 


SAMPLE  MAP 


GO  OR  TO  THE  RETT  PAGE. 
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*No  Hapl*  qiuMtloiM  art  ihown  bslov.  In  Mch  qiMttloa  only  oat  of  tht  flTB 
pieturtt  wM  taktn  frot  tht  atp  cltta  on  tht  oppotitt  ptce.  You  are  to  find 
the  picture  uhleh  eat  taken  fron  the  and  blacken  the  apace  beneath  that 
picture.  The  correct  anauer  to  the  flrat  qmeatlon  haa  been  aazked.  Nuk 
the  correct  anaver  to  the  aecond  q,ueatlon. 


You  ahould  hare  blackened  the  apace  beneath  picture  C,  alnee  It  ahowa 
correctly  an  area  of  the  nap. 

ranrmtmr,  you  vlU  not  be  able  to  look  at  the  original  nap  then  you  are 
anaeerlng  the  teat  qiueatlona. 

You  will  have  3 nlnutea  to  atudy  the  map  and  6 alnutea  to  nark  your  anauera. 
Are  there  any  queationa. 


00  WOT  TURI  ISIS  TMa  «m  YOU  ARE  TGU)  TO  DO  80. 


SENTENCE  SPAN  TEST 


Directions 


This  is  a teat  of  your  ability  to  remember  sentences  which 
you  hear.  The  examiner  will  read  aloud  a list  of  sentences. 
After  each  sentence  he  will  pause,  and  you  are  to  write  down 
the  sentence  exactly  as  it  was  read.  Do  not  ictart  writing 
until  the  examiner  has  finished  reading  the  sentence.  If 
you  do  not  remember  the  ^diole  sentence,  write  down  as  much 
u you  do  remember.  However,  try  to  remember  and ‘write  down 
the  entire  sentence. 

There  will  be  IS  sentences,  and  the  directions  for  each 
sentence  are  the  same— >do  not  stsirt  writing  until  the  exam- 
iner hats  finished  reading  the  sentence,  and  be  sure  to  write 
down  tile  exact  words  the  examiner  used.  You  will  not  be 
graded  on  spelling  or  punctuation. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARK  TOLD  TO  DO  SO. 
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MEMORY  FOR  SYLLABLES  TEST  II 


Directions 


In  this  test  you  will  be  given  1 minute  to  study  6 pairs  of  nonsense  syll- 
ables* Each  syllable  is  formed  by  placing  a vowel  between  two  consonants. 

You  are  to  manorize  the  syllables  so  that  when  the  first  syllable  of  the  pair 
is  given  you  can  answer  with  the  second  syllable  of  that  pair*. 

For  example,  the  following  pairs  are  like  the  ones  you  will  study: 

L A J — F E fl 
G I V — Q A P 

After  studying  the  pairs  for  1 minute  you  will  be  told  to  turn  to  the  answer 
page*  On  it  you  will  be  given  the  first  syllable  in  each  pair*  In  the 
blank  apace  after  each  syllable  you  aire  to  write  from  memory  the  syllable 
which  completes  the  pair* 

The  answer  page  for  the  pairs  given  above  might  look  like  this: 

G I W — 

L A J — 

In  the  first  blank  you  would  write  in  the  syllable  "Q  A P, ” and  in  the  second 
blank  the  Syllable  "F  E H***  Notice  that  the  pairs  on  the  answer  page  will 
not  In  saaw  order  as  the  pairs  on  the  study  page* 

This  test  will  have  two  parts*  The  directions  for  each  part  are  exactly  the 
ssme— study  the  pairs,  then  fill  in  the  blanks  on  the  answer  page* 

Are  there  any  questions T 


DO  NOT  OURN  TSL3  PAGE  UNTIL  YOU  ABE  TOLD  TO  DO  SO  * 


4 
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RECOGNITION  TEST  III 
Directions 


This  test  is  designed  to  measure  your  ability  to  recognize  figures  which  you 
have  previously  studied.  For  example,  study  the  following  group  of  figures: 


Now  look  at  the  figures  and  questions  given  below: 


1. 


2. 


3. 


4. 


Yes 

No 

1 

1 

Yes 

No 

1 

1 

Yes 

No 

1 

1 

Yes 

No 

L 

□ 

Place  a check  aark  under  "Yee"  If  the  figure  was  one  of  those  which  you 
studied  above.  Place  a check  nark  under  "No”  if  the  figure  was  NOT  one  of 
those  which  you  studied  above*  In  each  case  the  question  is,  "Mas  this  figure 
one  of  the  figures  In  the  group  which  you  previously  studied?"  None  of  the 
figures  will  appear  upside  down  or  turned  over  on  its  side.  Do  not  refer  back 
to  the  first  group  of  figures  in  answering  the  questions. 

You  should  have  checked  "Ho"  for  the  first  figure,  "Yes"  for  the  second 
figure,  "Yes"  for  the  thii^,  and  "Ho"  for  the  fourth. 

You  will  be  allowed  1 minute  to  study  a group  of  40  figures  simllsu:  to  these. 
The  questions  will  consist  of  80  figures.  You  are  to  answer  each  question  with 
a "Yes"  or  a "No"  as  you  did  above.  You  will  NOT  be  allowed  to  refer  back  to 
the  first  group  in  answering  the  questions. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


MEMORY  FOR  RELATIONS  TEST 


Direct inns 


This  teat  will  ability  to  remember  relations.  First  you  will  study 

14  groups  of  figxires  similar  to  the  following; 


3 5 7 

Sample  Group  A. 

6 8 10 

Seimple  Group  B. 

T T 

9 11  13 

T H 1 

There  are  9 figures  to  each  group.  Notice  that  in  each  group  there  are  two  rules 
or  relations.  In  the  first  group  the  rules  are:  going  across,  add  2;  going  down, 
add  3.  In  the  second  group  the  rules  are:  going  across,  turn  90°  to  the  right; 
going  down,  straighten  the  arrowhead. 

After  studying  the  groups  of  figures  for  6 minutes,  you  will  turn  to  the  euiswer  page. 

In  eaich  question  you  will  be  shown  the  figure  in  the  upper  left-hsuod  corner  of  one  of 
the  groups  you  studied.  You  are  then  to  draw  or  write  whichever  of  the  other  8 figures 
would  be  in  the  position  indicated  by  the  circle.  For  example,  the  answer  page  for  the 
groups  above  might  look  like  this: 


1 

1 

3 - - 

1. 

1 

1 

o 

2. 

- 

m m m 

• • Q 

In  the  first  question,  the  figure  of  the  arrow  in  the  upper  left>hand  corner  shows 
that  this  is  to  be  Sa^le  Group  B.  In  the  circle  in  the  first  question  you  would 
draw  the  third  figure  of  the  second  row  of  that  group— namely,  the  figure  ^ . In 
the  second  question  you  would  write  in  the  number  in  the  lower  right-hand  corner  of 
Sasqile  Group  A— namely,  the  number  13  . 

Notice  that  the  answer  to  each  question  can  be  figured  out  by  remembering  the  two 
rules  that  apply  to  each  group.  This  should  be  easier  to  do  than  trying  to  remember 
all  9 figures  of  each  group. 

The  answer  page  above,  correctly  marked,  would  look  like  this: 


You  will  have  6 minutes  to  study  the  14  groups  of  figures.  Then  you  will  have  about 
10  minutes  to  answer  the  questions . You  will  not  be  ^ble  to  look  back  at  the  original 
groups  when  you  are  marking  your  answers. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


SENTENCE  COMl’l-KTION  TEST 


This  teat  la  a aentence  memory  test.  You  will  be  given  4 minutes  to  study  a group 
of  40  aentencea.  The  sentences  will  then  bo  presented  to  you  In  a different  ordor 
with  one  word  left  out  of  each  aentence . Your  task  Is  to  write  In  the  worn  which 

has  been  omitted . 

The  following  two  sentences  are  ijkSfflples  of  the  type  of  sentence  you  may  expect. 

George's  barn  Is  rod* 

The  sun  causes  th--  t rees  to  grow. 

The  answer  page  would  then  look  like  this: 

The  cause;:  the  trees  to  grow. 

George's  barn  is  . 

You  would  write  the  word  '*sun"  In  the  blank  ;.p'ioe  In  the  first  sentence  and  the 
word  "red"  in  the  blank  In  the  second  seut.  ni  e . 

In  the  test  proper  you  will  not  be  allowed  to  refer  back  to  the  original  sentences 
In  filling  in  the  blanks . 

However,  after  you  study  the  sentences,  there  will  be  a delay  of  about  10  minutes 
before  you  will  fill  in  the  blanks.  Durln,-;'  this  time  you  will  be  taking  another 
test.  The  directions  for  the  other  teat  will  be  given  after  you  have  studied  the 
sentences  for  this  test. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 
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KEMOrtY  FOR  INSTRUCTIONS  TEST 
Directions 


This  is  a test  of  your  ability  to  remember  Instructions  which  you  hear.  The  examiner 
will  read  aloud  several  instructions.  After  he  finishes  the  instructions,  you  8u:e  to 
carry  them  out. 

For  example,  the  examiner  might  say: 

Check  the  9. 

Cross  out  the  R. 

The  answer  page  might  look  like  this: 

(a)  7 R F 9 

(b)  7 R F 9 

(c)  7 R F 9 

In  row  (a)  you  vovild  carry  out  the  first  instruction — that  is,  you  would  check  the  9. 
In  row  (b)  you  would  cross  out  the  R.  Hie  answer  page,  correctly  marked,  would  look 
like  this: 

(a)  7 R F 

(b)  7 ;(  F 9 

(c)  7 R F 9 

In  other  words,  you  are  to  carry  out  the  instructions  in  the  order  in  which  they  were 
given,  using  a separate  row  on  the  answer  page  for  each  direction.  Notice  that  there 
may  be  rows  on  the  suisver  page  for  more  instructions  than  you  are  given. 

The  Instructions  will  all  have  to  do  with  either  letters  or  nund>ers.  You  may  be  asked 
to  check,  to  circle,  to  vuiderline,  cuid  to  cross  out. 

Thera  will  be  16  sets  of  instructions . Remember,  do  not  start  C8a*rying  out  a set  of 
instructions  until  the  examiner  has  finished  reaullng  that  set,  and  be  sure  to  carry 
them  out  in  the  exact  order  in  which  they  were  given. 

Are  there  any  questions? 


DO  NOT  TURN  THIS  PAGE  UNTIL  YOU  ARE  TOLD  TO  DO  SO. 


NOTE  5:  Directions  for  Ansser  Page  of  SENTENCE  COMPLETION  TGST 


The  directions  given  below  were  printed  at  the  top  of  the  Sentence 
Completion  Test  answer  page,  which  followed  the  answer  pages  for  the 
Memory  for  Instructions  Test. 


SENTENCE  CCSiPLETION  TEST 


Answer  Page 

The  sentences  below  are  the  ones  you  studied  just  a few 
minutes  ago.  Fill  in  the  blank  in  each  sentence  with  the 
word  which  was  in  it  bef  ore. 

Do  not  turn  back  to  the  previous  study  material  in  answer- 
ing  these  questions. 


75 


MEMORY  FOR  WORDS  TEST  II 


In  this  test  you  vlll  be  given  45  seconds  to  study  25  pelrs  of  words ^ The  words  In 
each  pair  will  be  related  to  each  other  in  sooe  way.  You  are  to  nenorize  the  words 
so  that  when  the  first  word  of  the  pair  is  given  you  can  answer  with  the  second  word 
of  that  pair. 

For  example,  the  following  pairs  are  like  the  ones  you  will  study: 

dog  — bark 

black  coal 
dirt  — Bud 

After  studying  the  pairs  you  %rill  be  told  to  turn  to  the  answer  page.  On  it  you 
will  be  given  the  first  word  in  each  pair.  In  the  blank  space  after  each  word  you 
are  to  write  from  memory  related  vord  which  completes  the  pair. 

The  answer  page  for  the  pairs  given  above  might  look  like  this: 

1.  dirt  — 

2.  dog  — 

3.  black  — 

In  the  first  blank  you  would  %rrite  the  word  "mud,"  in  the  second  blank  the  wort 
"bark,"  and  in  the  third  blank  the  word  "coal."  Votice  that  the  pairs  on  the  answer 
page  will  not  be  in  the  same  order  as  the  pairs  on  the  study  page . 

This  test  will  have  two  parts.  The  directions  for  each  part  are  exactly  the  same- 
study  the  pairs,  then  fill  In  the  blanks  on  the  answer  page.  Since  you  will  have 
only  45  seconds  to  study  each  group  of  pairs,  you  will  probably  have  to  read  them 
through  fairly  quickly. 

Are  there  any  questions T 


f 

DO  HOT  TURK  THIS  PASS  UHTIL  YOU  ARB  TOLD  TO  DO  80. 


f 

f 

\ 
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appendix  b 

Frequ«ncy  Distributions  of  Test  Scores 


B-1 

B-2 

B-3 

B—U 

B-5 

B“6 

B-7 

B-8 

B-9 

B-10 

B-11 

B-12 

B-13 

B-lU 

B-15 


temory  for  Uaericks  Test 
[istter  Span  Test  I 
tomory  for  Syllables  Test 
rnnAArmences  Test  I 


I 


Uemory  for  Words  Test  I 
Recognition  Test  I 
Memory  for  Ideas  Test 
Map  Memory  Test  I 
Number  Span  Test  II 


U«.nlngrul  Keaoryt  . 

lte«dngful  BMory 
Meaningful  Memory:  Nmber  Test 

Letter  Span  Test  II 

. -.i*  XfA  ^ 


B-16 

B-17 

B-18 

B-19 

B-20 


Consequences  Test  II 
Recognition  Test  II 
Memory  for  Numbers  Test 
Map  Memory  Test  II 
Map  Memory  Test  III 


B-21  Sentence  Span  Twt 
B-22  Memory  for  Syllables  Test  li 
B-23  Recognition  Test  111 
B-2U  Memory  for  Relations  Test 
B-2$  Sentence  Completion  Test 

B-26  Memory  for  Instructions  Test 
B-27  Memory  for  Words  Test  1^ 

lias  Instrument  Coaprehension  Test 

B-29  Mechanical  Pidnclples  Test 
B-30  Rudder  Control  Test 

B-31  Complex  Coordination  Test 
B-32  Arithmetic  Reasoning  Test 
B-33  Reading  Comprehension  Test 
B-3U  Vocabulary  Test 
BI35  Dial  and  Table  Reading  Test 

B-36  Spatial  Orientation  Test  I 
B-37  Coordinate  Reading  Test  . - . 

Discrimination  Reaction  T^e  Test 

B-39  Sp.U.1 


/ 

i 

« 

1 

* 

TABLE  B-1 

Uemory  for  Llmorlcks  Test 

t 

Score 

Frequency 

P' 

27 

2 

26 

2 

ft. 

25 

2 

K 

2li 

3 

K 

23 

8 

■ '1 

22 

h 

1 

21 

8 

20 

8 

19 

12 

■1 

18 

13 

M 

17 

20 

m 

16 

16 

» 4 

' I 

15 

27 

; -1 

lU 

35 

. • . < 
-:>-J 
■■■:^ 

13 

27 

12 

33 

'M 

U 

25 

■ '.  i 
/ ■ 

10 

29 

'■  ■ 1 
• j 

9 

29 

8 

28 

7 

2li 

6 

29 

5 

15 

U 

18 

3 

7 

2 

8 

1 

6 

0 

U 

( 

UU2 

.... 

Uean 

U.56 

i 

S.D, 

5.1*9 

-i  I 

r 

E 

i 

i 

• 

• 

O'  " ' 

TABI£ 


Letter  Span  Test  I 


Score 

16 

li« 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

2 


Frequency 

2 

7 

5 

15 

U3 

56 

81 

90 

67 

UU 

22 

9 

1 

Ul2 


Mean  8»U6 

S.D.  2.11 


TABLE  B-3 


Memory  for  Syllables  Test  I 

Score  Frequency 

6 


10 

9 

8 

7 

6 

5 

U 

3 

2 

1 

0 


Mean 

S.D, 


lil 

11 

16 

U5 

70 

71 
83 
61 
51* 

7 

UU2 

3.96 

2.21 


ir 


TABLE  B-U 


Consequences  Test  I 


Score 

Frequency 

18 

59 

17 

105 

16 

93 

15 

58 

11* 

36 

13 

30 

12 

22 

11 

6 

10 

15 

9 

10 

8 

3 

7 

2 

6 

1 

5 

2 

iu2 

Mean 

15.21 

S.D. 

2.50 

TABLE  B-5 


Number  Span  Test  I 
Score  Frequency 


17 

IL 

13 

12 

U 

10 

9 

8 

7 

6 

5 

h 

3 

2 

1 


Mean 

S.D, 


1 

2 

5 

12 

23 

27 

52 

76 
8U 

77 
k9 
21* 

7 

2 

1 

UU2 

7.1*0 

2.23 


TABIiE  B-6 


ll6Bor7  for  Words  Test  I 


Score 

20 

19 

18 

17 

16 

15 

m 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

3 

2 

1 


Uean 

S.D. 


Frequency 

30 

2k 

30 

31 

32 

32 
27 
39 
37 

33 
21 
26 
20 
16 
13 

9 

12 

6 

2 

2 

Ui2 

12.9U 

U.56 


-TABIE  B-7 


Recognitiou  :'cat  I 


Score  Frequency- 

36  2 

3U  7 

f 33  7 

32  27 

31  17 

30  38 

29  19 

28  61 

27  32 

26  Ul 

25  32 

2U  53 

23  lU 

22  35 

21  Hi 

20  17 

19  6 

18  5 

17  U 

16  1 

15  3 

H*  1 

12  2 

U 2 

9 1 

6 1 

Uh2 

Mean  25. 9U 

S.D.  U.36 


TABLE  B-8 


Memory  for  IdeAs  Test 


Score 

Frequency 

52 

5 

51 

U 

50 

2 

U9 

7 

U8 

3 

U7 

8 

h6 

13 

U5 

17 

U4 

20 

U3 

25 

U2 

32 

U1 

27 

UO 

30 

39 

19 

38 

27 

37 

28 

36 

18 

35 

29 

3U 

25 

33 

17 

32 

22 

31 

16 

30 

16 

29 

6 

28 

5 

27 

6 

26 

5 

25 

U 

2U 

2 

22 

2 

20 

1 

17 

1 

Uh2 

Uesn 

37,98 

S.D. 

6.06 

TABLE  B-9 


Hap  Memory  Test  I 


Score 

Freqoeni 

56 

3 

55 

1 

5U 

2 

53 

u 

52 

7 

51 

17 

50 

17 

U9 

21 

U6 

23 

U7 

26 

U6 

38 

U5 

39 

Uk 

31 

U3 

20 

U2 

28 

Ul 

21 

UO 

25 

39 

21 

38 

15 

37 

16 

36 

20 

35 

7 

3U 

10 

33 

21 

32 

6 

31 

1 

30 

U 

29 

5 

27 

1 

25 

1 

2U 

1 

UU2 

Mean 

U2.89 

S.D. 

5.72 

TABLE  B-10 


Nxunber  St.^n  Test  II 


Score  Frequency 


17 

15 

lU 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

3 


1 

U 

6 

22 

23 

hh 

67 

62 

56 

67 

52 

27 

7 

h 


kh2 


Mean  8.69 

S.D.  2.U5 


TABLE  B-11 

Meaningful  Memory:  Picture  Test 

Score  Frequency 

1 


30 

29 

28 

27 

26 

25 

2U 

23 

22 

21 

20 

19 

18 

17 

16 

15 

2h 

12 

8 


Mean 


7 

21 

UO 

UU 

58 

56 

5U 

37 

35 

25 

18 

25 

7 

8 
2 
2 
1 
1 

Ui2 

23.18 

1-97 


TABLE  B>12 


Itoanlngful  Uemorjt  Ptragraph  Tert 


Score 

Frequency 

29 

6 

28 

13 

27 

3U 

26 

53 

25 

52 

2U 

61 

23 

51 

22 

55 

21 

33 

20 

35 

19 

22 

18 

10 

17 

7 

16 

k 

15 

h 

IL 

2 

S2 

Mean 

23.17 

S.D. 

2.93 

TABLE  B-13 

Meaningful  Uemoryt  Nunber  Teat 


Score 

Frequency 

15 

105 

lU 

58 

13 

55 

12 

56 

11 

U6 

10 

33 

9 

30 

8 

22 

7 

13 

6 

8 

5 

6 

U 

3 

3 

U 

2 

3 

UU2 

Mean 

11.89 

S.D. 

2.91 

TABLE  B-Ut 
Letter  Span  Test  II 


Soora 

15 

lit 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

3 

1 


Mean 

S.D. 


Praquanqr 

1 

5 

U 

16 

23 

39 

58 

91 

86 

73 

26 

16 

3 

1 

UU2 


7.8U 

2.12 


TABLE  B-l$ 

Reproduction  of  Viaual  Daaigiia  Teat 


Score 

Frequency 

20 

57 

19 

88 

18 

7U 

17 

75 

16 

59 

15 

37 

lit 

26 

13 

16 

12 

7 

11 

2 

10 

1 

Mean 

17.21 

S.D. 

2.08 

p 


TABLE  B-16 


Consequences  Test  II 


Score 

Frequency 

20 

86 

19 

89 

18 

83 

17 

58 

16 

38 

15 

29 

U; 

21 

13 

12 

12 

11 

11 

3 

10 

2 

9 

2 

8 

U 

7 

2 

6 

1 

2 

1 

UU2 

Mean 

17.29 

S.D. 

2.69 

TABLE  B-17 


Recognition  Test  II 


Score 

Frequenc7 

50 

16 

U9 

19 

U8 

27 

U7 

28 

U6 

52 

U5 

39 

UU 

1*2 

U3 

32 

U2 

35 

U1 

33 

UO 

26 

39  . 

17 

38 

21 

37 

17 

36 

10 

35 

7 

31* 

5 

33 

U 

32 

8 

31 

2 

30 

1 

29 

1 

1*1*2 

Keen 

1*2.88 

S.D. 

1*.37 

TABLE  B-18 

Itonory  for  Nuabors  Tost 


Seora 

22 

21 

20 

19 

18 

17 

16 

15 

Hi 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

3 

2 

] 


Mean 

S.D. 


Frequency 

U 

6 

11 

7 

10 

17 

20 

29 

19 

31 
22 

32 

33 
35 
UO 
31 

30 

20 
26 

9 

7 

3 

10.60 

U.75 


TABLE  B-19 


lUp  llenory  Test  II 


Score 

Freqasnej 

U 

1 

10 

5 

9 

lU 

8 

U2 

7 

59 

6 

83 

5 

7U 

U 

75 

3 

5> 

2 

2l| 

1 

ii 

0 

2 

iiU2 

Mean 

5.28 

S.O. 

1.95 

TABIE  B-aO 


Map  Uemorjr  Test  III 


Score 

Frequenojr 

12 

6 

11 

2h 

10 

k2 

9 

68 

8 

78 

7 

69 

6 

65 

5 

31* 

U 

23 

3 

23 

2 

5 

1 

2 

0 

1 

uS 

Kean 

7.31 

S.D. 

2.28 

TABLE  B-21 


Sentence  Span  Test 


Score 

Frequency 

15 

5 

u» 

9 

13 

12 

12 

29 

U 

53 

10 

5U 

9 

55 

8 

72 

7 

56 

6 

37 

5 

27 

U 

m 

3 

15 

2 

1 

1 

2 

0 

1 

Ul»2 

Mean 

8.U9 

S,D, 

2.70 

TABLE  B-22 


Memozy  for  S7Uablea  Teat  II 


Score 

Frequency 

12 

8 

11 

lU 

10 

23 

9 

23 

8 

36 

7 

ho 

6 

53 

5 

U8 

U 

60 

63 

2 

U 

1 

23 

0 

10 

W 

Mean 

5.31 

S.D. 

2.87 

SB» 


. H'ni'HIP'jlWI 


TABLE  B-23 

Recognition  Test  III 


TABLE  B-2li 

Uemoty  for  Relations  Test 


TABLE  B-25 

Sentence  Completion  Test 


Score 

36 

3U 

33 

32 

31 

30 

29 

28 

27 

26 

25 

2U 

23 

22 

21 

20 

19 

18 

17 

16 

15 

m 

13 

12 

U 

10 

9 

8 

7 

6 

5 

U 

3 

1 


Keen 

S.D. 


Frequency 

3 

2 

5 

6 
6 
n 
13 
13 

17 
11 
22 

25 
20 

18 
18 
33 
20 

26 
26 
25 

19 

20 
15 
22 

7 

U 
9 
3 
. 9 
3 
1 
1 
1 
1 

I4U2 


19.6U 

6.6U 


ttamamsmm 


TABLb  B-26 


MMory  for  Instructions  Tsst 


Score 

16 

15 

11* 

13 

12 

11 

10 

9 

8 

7 

6 

5 

U 

3 

2 

1 

0 


Uesn 

S.D. 


Frequency 

2 

6 

9 

18 

35 

1*5 

63 

75 

69 

59 

31* 

15 

7 

1 

1 

2 

1 

UU2 


TABLE  B-27 


Heaiory-  for  Words  Test  II 


Score 

Frequenc7 

50 

2 

U9 

1 

U8 

6 

U7 

9 

U6 

9 

U5 

9 

UU 

12 

U3 

12 

U2 

22 

U1 

12 

UO 

21 

39 

27 

38 

20 

37 

30 

36 

2U 

35 

22 

3U 

20 

33 

19 

32 

19 

31 

23 

30 

19 

29 

23 

28 

15 

27 

8 

26 

8 

25 

12 

2U 

8 

23 

5 

22 

9 

21 

5 

20 

3 

19 

3 

17 

1 

15 

2 

13 

1 

9 

1 

iu2 

Uesui 

3U.71  , 

S.D. 

7.12 

TABLE  B-28 


Inatrument  Comprehenaion  Teat 


Score  Frequency 


9 

8 

7 

6 

? 

U 

3 

2 

1 


26 

U9 

$9 

77 

82 

66 

U8 

17 

18 


UU2 


Mean  5,36 

S.O.  2.02 


TABLE  B-29 


Mechanical  Prlnciplea  Teat 


Score  Frequency 


9 

8 

7 

6 

5 

U 

3 

2 

1 


38 

3U 

U9 

81i 

96 

55 

50 

33 

3 


hk2 


Mean  5.38 

S.D.  1.98 


TABLE  B-30 


Rudder  Control  Test 

Score  Frequency- 

27 


9 

8 

7 

6 

U 

■j 

2 

1 


Mean 

S.D. 


39 

78 

90 

99 

U7 

li2 

19 

1 

UU2 

5.63 

1.79 


TABLE  B.3I 


Complex  Coordination  Test 


Score  Frequency 


9 

8 

7 

6 

5 

U 

3 

2 

1 


18 

39 

63 

95 

82 

70 

1*9 

22 

U 


1*1*2 

Mean  $.36 

S.O.  1.62 


TABLE  B-32 


Arithmetic 

Score 

9 

8 

7 

6 

5 

k 

3 

2 

1 


U«ian 

S.D. 


Reasoning  Test 
Frequency 

37 

71 

78 

83 

59 

U3 

16 

10 

5.63 

2.00 


TABLE  B-33 


Reading  Ccmprehenslon  Test 
Score  Frequency 


9 

8 

7 

6 

5 

U 

3 

2 

1 


25 

50 

51 
93 
96 
57 
U3 
18 

6 


Kean 

S.D. 


m 

5.52 

1.86 


TABLE  B-3U 
Vocabularj  Test 


Seoxe 

9 

8 

7 

6 

5 

U 

3 

2 

1 


Kean 

S.D. 


Frequency 

lit 

U5 

UU 

66 

92 

79 

55 

29 

18 

UU2 

U.99 

1.97 


TABLE  B-35 


Dial  and  Table  Reading  Test 


Score 

9 

8 

7 

6 

5 

U 

3 

2 

1 


Freqiuenoy 

39 

1*9 

6U 

61 

67 

68 
1*6 
21* 

U 


Mean 

S.D. 


1*1*2 

5.55 

2.01 


TABLE  B-36 

Spatial  Orientation  Test  I 


Score 

9 

8 

7 

6 

5 

U 

3 

2 

1 


Mean 

S.D. 


Frequency- 

20 

20 

66 

50 
98 
89 

51 
30 
18 

hU2 

U,93 

1.9U 


TABLE  B-37 

Coordinate  Reading  Test 


Score 

9 

8 

7 

6 

5 

k 

3 

2 

1 


Mean 

S.D. 


Frequeno7 

26 

23 

39 

68 

89 

76 

U9 

31 

U1 

U.75 

2.Ui 


TABLE  B-38 

Discrimination  Reaction  Time  Test 


Score 

9 

8 

7 

6 

5 

U 

3 

2 

1 


Mean 

S.D. 


Frequency 

30 

UU 

99 

86 

98 

61 

33 

20 

11 

UU2 

5.51 

1.92 


TABLE  B-39 


o 


Spatial  Orientation  Test  II 
Score  Frequency 


9 

8 

7 

6 

5 

U 

3 

2 

1 


Mean 

S.D. 


38 

UU 

U8 

68 

97 

78 

29 

28 

12 

UU2 

5.U1 

2.03 


TAPT.E  B-UO 


Nvmrlcal  Operations  Test 
Score  Frequenoy 


9 

8 

7 

6 

5 

h 

3 

2 

1 


Mean 

S.D. 


12 

21 

72 

81 

103 

90 

27 

29 

7 

UU2 

5.17 

1.72 


APFENDIX  C 


Table  C-l 
C-2 
C-3 
C-U 
C-$ 
C-6 
C-7 
C-6 
C-9 
C-10 
C-11 
C.12 
C-13 
C-II4 

C-15 

C-16 


Analyeia  of  Conpleto  MernoiT'  Battery 
DeacrlptlTe  statistics  of  UO  tests  for  UU2  subjects 
Correlations  of  UO  tests  for  ltU2  subjects  t Matrix 
Weight  matrix 
Factor  matrix 

Residual  correlation  matrix  R^ 

Weight  matrix  W^ 

Factor  matrix  F^^ 

Residual  correlation  matrix  R^  ■ R^ 

Cosq^lete  factor  matrix  F^ 

Factor  matrix  F2 

Factor  matrix  F^t  Final  unrotated  orthogonal  factor  matrix 
Final  residual  correlation  matrix  R^ 

Oblique  transformation  matrix  A 
Rotated  oblique  factor  matrix  V 

Cosines  of  angles  betmeen  reference  Tectors:  Matrix  A' A 
lutercorrelations  of  primary  rectors:  Mat^rix  TT' 


TABLE  C-1 


Descriptive  Statistics  of  UO  Tests  for  kk2  Subjects 


Test 

Ik  llen«7  for  Linericks 
2.  Litter  Span  I (Visual) 

3*  Uewory  for  Syllables  I (Paired  Associ- 
ates t Nonsense  Syllables ) 

U.  Consequences  I (Non-verbal) 

NUgaber  Span  I (Auditory) 

6.  Uem(«7  for  Words  I (Paired  Associates: 
Unrelated  WordB 
7k  Recognition  I (Syllables) 

8 k Uenory  for  Ideas 

9k  Hap  Uenory  I (Reproduction) 

10k  Nunber  Span  II  (Visual) 

lit  Ueaningful  Uemoryt  Picture 

12  k Haanlngful  Mmory  t Paragraph 

13  k Meaningful  Maeoryt  Number 
lii.  Litter  Span  II  (Auditory) 

15k  Reproduction  of  Visual  Designs 

16k  Consequences  II  (Verbal) 

17k  Recog^tlon  II  (Words) 

18k  Memory  for  Numbers  (Paired  Associates: 
Unrelated  Words  and  Numbers) 

19k  Map  Memory  II  (Verbal  Questions) 

20.  Map  Memory  III  (Recognition) 

21t  Sentence  Span 

22k  Memory  for  Syllables  II  (Paired  Associ- 
ates: Nonsense  Syllables) 

23k  Recognition  III  (Figures) 

2Uk  Memory  for  Relations 
25k  Sentence  Completion 

26.  Memory  for  Instructions  (Span) 

27k  Memory  for  'Words  II  (Paired  Associates: 
Related  Words) 

28*  InstruMnt  Comprehension 
29k  Mechanical  Principles 
30,  Rudder  Control 

31k  Complex  Coorcllnatlon 
32k  Arithmetic  Reasoning 
33.  Reading  Comprehension 
3U.  Voeabulmry 
35*  Dial  mod  Table  Reading 


Total  Pos- 

Mean 

standard 

sible  Score 

Deviation 

30 

11.56 

5.U9 

18 

8.U6 

2.11 

12 

3.96 

2.21 

18 

15.21 

2.50 

18 

7.U0 

2.23 

20 

12. 9U 

U.56 

36 

25.9U 

U.36 

67 

37.98 

6.06 

56 

U2.89 

5.72 

18 

P.69 

2.U5 

30 

23.18 

3.27 

30 

23.17 

2.93 

15 

11.89 

2.91 

18 

7.8U 

2.12 

20 

17.21 

2.08 

20 

17.29 

2.69 

50 

U2.88 

U.37 

22 

10.60 

U.75 

Hi 

5.26 

1.95 

12 

7.31 

2.28 

16 

8.U9 

2.70 

12 

5.31 

2.87 

80 

62.61 

6.37 

li: 

9.55 

2.50 

UO 

19.6U 

6.6U 

16 

9.01 

2.U7 

50 

3U.71 

7.12 

5.36 

2.02 

5.38 

1.98 

5.61 

1.79 

5.36 

1.82 

5.63 

2.00 

5.52 

1.86 

U.99 

1.97 

5.55 

2.01 

TABLE  C-1  (Continued) 


DescriptiTe  Statietlce  of  UO  Teste  for  liU2  Subjects 


36.  Spatial  Orientation  I 
37 • Coordinate  Reading 
38.  Diaerialnation  Reaction  Tiae 
39*  Spatial  Orientation  II 
liO.  NuMrlcal  Operations 


Total  PoB> 
sible  Score 

Mean 

Standard 

Deviation 

U.93 

1.9U 

U.75 

2,114 

5.51 

1.92 

5.U1 

2.03 

5.17 

1.72 

TABLE  C-2 


Correlations  ot  UO  Tests  for  iili2  Subjects:  Matrix 
(Decimal  points  emitted) 


Test 

1 

2 

3 

U 

5 

6 

7 

8 

9 

10 

1*  Lim 

2330 

•2U63 

2851 

1626 

22UO 

2253 

5313 

11U2 

2266 

2.  LSp-Vi 

2330 

2285 

1701 

U851 

1722 

1223 

1U35 

1U58 

5185 

3.  PSyl^l 

2U63 

2285 

0808 

2122 

3930 

2058 

1U36 

1935 

2798 

U.  Con-N7 

2851 

1701 

0808 

0817 

1799 

0722 

2579 

2325 

1557 

5.  NSp^tt 

1628 

U851 

2122 

0817 

2005 

0781 

1585 

0756 

502U 

6.  Pld-U 

22UO 

1722 

3930 

1799 

2005 

2282 

2519 

2002 

1908 

7.  RSyl 

2253 

1223 

2058 

0722 

0781 

2282 

093U 

1UU8 

1053 

8.  Idtesa 

5313 

1U35 

1U36 

2579 

1585 

2519 

093U 

1729 

1689 

9.  Map^ 

11U2 

1U58 

1935 

2325 

0756 

2002 

1UU8 

1729 

1509 

10.  NSp-Vi 

2286 

5185 

2798 

1557 

502U 

1906 

1053 

1689 

1509 

11.  Plot 

222U 

2U20 

1789 

1772 

1966 

17U5 

180U 

2088 

2120 

2015 

12.  Para 

3165 

1773 

1722 

1671 

091U 

2U3U 

2605 

2160 

201U 

1U60 

13  . Korn 

0138 

UU3 

2166 

1268 

1621 

2082 

180U 

OU77 

2U5U 

2003 

Hi.  LSp-Au 

2917 

5U55 

2787 

0711 

582U 

2761 

1798 

17U9 

1206 

5303 

15*  Dsg^p 

1185 

1588 

1375 

1603 

1658 

07U6 

1180 

0620 

2961 

1627 

16.  Con~Vb 

3955 

1U61 

1999 

165" 

1099 

2015 

161U 

308U 

1130 

1325 

17.  R«i 

1022 

0905 

1526 

0517 

1082 

U192 

1622 

1756 

2105 

19U1 

18.  Hh» 

2118 

2138 

U216 

1357 

1690 

U612 

2387 

133U 

2976 

1978 

19.  Map-Vb 

1090 

1069 

1313 

10U6 

13U2 

077U 

166U 

1115 

1961 

2037 

20.  Uap-Ae 

1576 

2290 

160U 

1525 

1U56 

1981 

2228 

1U71 

3052 

159U 

21.  SenSp 

3631 

3U9U 

2255 

1888 

31U0 

1526 

1188 

3176  -0U02 

2790 

22.  FS3T1-2 

2635 

3108 

5P91 

ltUi6 

2299 

3077 

2683 

1U98 

2917 

3317 

23.  RFig 

2180 

1101 

1300 

1933 

0929 

2123 

2898 

18U8 

2690 

QU70 

2U.  Rel 

1673 

1271 

1U53 

2217 

1863 

1938 

1U25 

1220 

2578 

20U0 

25.  SComp 

U795 

1277 

3216 

1773 

1U59 

3765 

2UUl 

3397 

2325 

1570 

26.  InsSp 

1027 

280U 

0793 

0707 

2300 

-OU97  -02U5 

-033U 

0708 

2912 

27.  PVd-R 

2595 

1929 

3082 

1635 

1015 

39U9 

2588 

20U9 

2689 

2295 

28.  ICcqp 

1893 

1U60 

1059 

0953 

1U36 

0893 

1266 

OU95 

1696 

10U7 

29.  MPrin 

15U1 

0626  -0185 

0056 

1287 

0707 

0130 

1510 

UOO 

0529 

30.  RCon 

-0956 

1162  -0511 

-0702 

lOUl 

0285  -0366  -0738  -059U 

0257 

31.  CCoord 

0981 

181U 

0203 

076U 

20U0 

0372 

0895 

1002 

132U 

1272 

32.  AReas 

33U7 

1606 

1279 

1772 

1985 

1051 

1723 

1712 

1853 

2506 

33*  RdCcmp 

U592 

2060 

1U2U 

2038 

1971 

1U76 

257U 

262U 

1361 

1655 

3U.  Voc 

5927 

2972 

258U 

2516 

22U3 

1U19 

2551 

3399 

1673 

2138 

35.  DTRd 

13U5 

1U52 

1U75 

1712 

16U6 

-0001 

1010 

0725 

260U 

17U6 

36.  SpaO-1 

0530 

1U3U 

0892 

19U7 

0793 

-OUU5  -0085 

0762 

2791 

1537 

37.  CRd 

1008 

0903 

0365 

1350 

1U03 

-0093 

1220 

0618 

2196 

1U12 

38.  DRTIm 

122U 

2050 

1178 

1688 

2118 

119U 

0828 

07U7 

198U 

1276 

39.  SpaO-2 

08U7 

1U12 

0U07 

1659 

0576 

-0177 

10U3 

0509 

30U0 

106U 

UO.  NuBK}p 

2503 

156U 

1U69 

183U 

1639 

OUUl 

1183 

1033 

1870 

2UU1 

TABLE  C-2  (Continued) 


Correlation  of  UO  Tests  for  hh2  Subjects:  Matrix 
(Decimal  points  omitted) 


Test 

11 

12 

13 

lU 

15 

16 

17 

18 

19 

20 

1.  Urn 

222U 

3165 

0138 

2917 

1185 

3955 

1022 

2118 

1090 

1576 

2.  LSp-Vi 

2U20 

1773 

11U3 

5U55 

1588 

1U61 

0905 

2138 

1069 

2290 

3.  PSyl-1 

1789 

1722 

2166 

2787 

1375 

1999 

1526 

U216 

1313 

160U 

U.  Con-N7 

1772 

1671 

1268 

07U 

1603 

1657 

0517 

1357 

10U6 

1525 

NSp-Au 

1966 

091U 

1621 

582U 

1658 

1099 

1082 

1690 

13U2 

1U56 

5.  FlVd-U 

17U5 

2U3U 

2082 

2761 

07U6 

2015 

U192 

U612 

077U 

1981 

7.  RSyl 

180U 

2605 

18GU 

1798 

1180 

161U 

1622 

2387 

166U 

2228 

8.  Ideas 

2088 

2160 

OU77 

17U9 

0820 

308U 

1756 

133U 

1115 

11*71 

9*  Map-Rp 

2120 

20IU 

2U5U 

1206 

2961 

1130 

2105 

2976 

1961 

3052 

10.  NBp-Vi 

2015 

1U60 

2003 

5303 

1627 

1325 

19U1 

1978 

2037 

159U 

11.  Piet 

1935 

2180 

18U9 

2151 

1806 

1131 

1617 

0U5U 

2669 

12.  Para 

1935 

2276 

1878 

065U 

2321 

1658 

1990 

0722 

1918 

13.  Hum 

2180 

2276 

1723 

2678 

0090 

2197 

2630 

1676 

2536 

lii.  ISpnA^i 

18U9 

1878 

1723 

1839 

1565 

1U75 

2562 

109U 

1935 

1^.  DsgRp 

2151 

065U 

2678 

1839 

1035 

0868 

1638 

1527 

2825 

16.  C6n-Vb 

1806 

2321 

0090 

1565 

1035 

2307 

20UU 

16U9 

0711 

17.  RWd 

1131 

1658 

2197 

1U75 

0868 

2307 

3755 

10U5 

0995 

18.  PNum 

1617 

1990 

2630 

2562 

1638 

20UU 

3755 

2071 

230U 

19.  Uap>Vb 

OU5U 

0722 

1676 

109U 

1527 

16U9 

10U5 

2071 

2093 

20.  Uap>Rc 

2669 

1918 

2536 

1935 

2825 

07U 

0995 

23OU 

2093 

21.  SenSp 

1579 

2232 

090U 

3889 

1U3U 

2380 

0755 

1381 

0260 

0362 

22.  PSyl-2 

2U68 

2181 

2629 

32U8 

26U2 

2731 

2681 

U769 

1982 

2809 

23.  HFig 

2505 

1781 

1107 

1U51 

2826 

1739 

1823 

2813 

1U59 

2609 

2U.  Rel 

2322 

185U 

3060 

1U95 

3638 

1292 

OU25 

1355 

167U 

3219 

2S>.  SComp 

2518 

2535 

1695 

1913 

1612 

UllU 

2976 

3970 

2096 

2230 

26.  InsSp 

1332 

0105 

0328 

2185 

1729 

0736  -0655 

0839 

OU69 

0506 

27.  P.7d-R 

2U6U 

2566 

2U82 

1800 

1265 

3398 

3593 

U608 

22U3 

2229 

28.  IConp 

2018 

06U1 

0671 

1737 

2781 

0619 

0015 

07U2 

0727 

2272 

29.  MPrin 

0958 

1076 

-0091 

1268 

25UU 

0865 

0090 

0332 

0139 

1703 

30.  RCon 

0030 

-1019  -C518 

0975  -0615 

- '302  -0012 

-1129 

0372  -0585 

31.  CCoord 

18U3 

0056 

0662 

1983 

1580 

0U97 

0220 

lOUO 

0953- 

1369 

32.  AReas 

1622 

2710 

1902 

227U 

21UU 

2160 

1370 

IU03 

0980 

18U 

33 • RdComp 

205U 

3730 

mo7 

2696 

2330 

2U10 

0166 

O78U 

075U 

2U13 

3U.  Voc 

2UU6 

Ul8U 

0676 

3103 

1503 

2630 

0262 

1U9U 

OU86 

15U2 

35.  DTRd 

2159 

1762 

17U2 

1950 

1790 

U5U 

1396 

09U6 

0987 

212U 

36.  SpaO-1 

1U75 

0978 

1U60 

1332 

1931 

0503 

0U60 

0771 

1161 

2032 

37.  CRd 

1569 

1598 

1268 

IlUB 

2521 

0603 

0893 

1150 

08UU 

2562 

38.  DRTime 

2270 

I62U 

192U 

1569 

1676 

1220 

1739 

1592 

0UU8 

1322 

39.  SpaO-2 

1567 

1895 

1207 

1031 

32U8 

0316 

0009 

0857 

1337 

3175 

UO.  NunOp 

2187 

2308 

2U37 

1391 

1075  . 

1527 

1153 

1529 

03U7 

0999 

TABLE  C-2  (Continued) 


Correlations  of  UO  Tests  for  lili2  Subjects:  Uatrix 
(Decimal  points  omitted) 


21 

22 

23 

2U 

25 

26 

27 

28 

29  30 

1.  Lin 

3631 

2635 

2180 

1673 

U795 

1027 

2595 

1893 

15U1  -0956 

2.  LSp-Vi 

3U9U 

3108 

1101 

1271 

1277 

280U 

1929 

1U60 

0626  1162 

3.  PSyl-1 

2255 

5091 

1300 

3U53 

3216 

0793 

3082 

1059  -0185  -0511 

U*  Con»NV 

1888 

1UU6 

1933 

2217 

1773 

0707 

1635 

0953 

0056  -0702 

NSp>Au 

31U0 

2299 

0929 

1863 

1U59 

2300 

1015 

1U36 

1287  lOUl 

6.  Pffd-U 

1526 

3077 

2123 

1938 

3765 

-OU97 

39U9 

0893 

0707  0285 

7.  RSyl 

1188 

2683 

2898 

1U25 

2UU1 

-02U5 

2588 

1266 

0130  -0366 

8.  Ideas 

3176 

1U98 

18U8 

1220 

3397 

-033U 

20U9 

OU95 

1510  -0738 

9.  Map-Rp 

>0U02 

2917 

2690 

2578 

2325 

O7O8 

2689 

1696 

1100  -059U 

10.  RSp-Vi 

2790 

3317 

0U70 

20U0 

1570 

2912 

2295 

IOU7 

0529  0257 

11.  Wet 

1579 

2U68 

2505 

2322 

2518 

1332 

2U6U 

2018 

0958  0030 

12.  Para 

2232 

2181 

1781 

185U 

2535 

0105 

2566 

O6UI 

1076  -1019 

13.  9am 

09QU 

2629 

1107 

3060 

1695 

0328 

2U82 

0671  -0091  -0518 

ll(.  lSp>Au 

3889 

32U8 

1U51 

1U95 

1913 

2185 

1800 

1737 

1268  0975 

1^.  DsgRp 

1U3U 

26U2 

2826 

3638 

1612 

1729 

1265 

2781 

25UU  -0615 

16.  Con-Vb 

2380 

2731 

1739 

1292 

UllU 

0736 

3398 

0619 

0865  -0302 

17.  RWd 

0755 

2681 

1823 

OU25 

2976 

-0655 

3593 

0015 

0090  -0012 

18.  TNob 

1381 

U769 

2813 

1355 

3970 

0839 

U608 

07U2 

0332  -1129 

19.  HajHVb 

0260 

1982 

1U59 

167U 

2096 

0U69 

22U3 

0727 

0139  0372 

20.  Itep-Re 

0362 

2809 

2609 

3219 

2230 

0506 

2229 

2272 

1703  -0585 

21.  SenSp 

1976 

1527 

1069 

0720 

1U02 

088U 

1338 

17U5  -0169 

22.  FSyl-2 

1976 

232U 

2520 

3139 

2221 

3923 

1381  -0003  -0863 

23.  RFlg 

1527 

232U 

2166 

2817 

0538 

303U 

1U33 

1583  -05U9 

2U.  Rel 

1069 

2520 

2166 

1739 

0896 

1382 

2U7O 

1532  -0U30 

25.  SComp 

0720 

3139 

2817 

1739 

1091 

5199 

1306 

OU93  -OU62 

26.  InsSp 

1U02 

2221 

0538 

0896 

1091 

0U30 

1202  -0102  -0179 

27.  PWd-R 

088U 

3923 

303U 

1382 

5199 

0U30 

UU8 

0U80  -0316 

28.  ICoBip 

1338 

1381 

1U33 

2U70 

1306 

1202 

IIU8 

30U7  lUOU 

29.  MPrtn 

17U5  -0003. 

1583 

1532 

OU93 

-0102 

0U8O 

30U7 

2U89 

30.  RCon 

-0169 

-0863  -05U9 

-0U30 

-OU62 

-0179  -0316 

lUoU 

2U89 

31.  CCoord 

-0178 

0U5U 

0U71 

2120 

0352 

0025 

0781 

292U 

3192  3028 

32.  AReas 

2676 

1689 

159U 

3602 

2159 

0767 

1731 

2922 

U516  0326 

33.  RdCoap 

36U1 

2109 

2173 

2962 

2531 

1001 

1509 

3232 

3993  0U62 

3U.  Voc 

UU62 

2917 

1957 

1823 

2U9U 

13U5 

1809 

1996 

1666  -0322 

35.  OTRd 

0991 

1779 

0830 

3731 

1536 

07U5 

0908 

3533 

1780  0517 

36.  SpaO-1 

1008 

1772 

0683 

1879 

097U 

1335 

1083 

2572 

1392  0180 

37.  CRd 

0897 

1286 

12U7 

2879 

IU05 

0328 

0792 

3701 

2859  -0061 

38.  DRTIbb 

0713 

1U63 

1189 

2351 

1675 

0312 

1U91 

26^ 

19U9  0U5U 

39.  SpaO-2 

0975 

151U 

1581 

2696 

0890 

0507 

1185 

3U65 

315U  01U6 

UO.  KuioOp 

1U2U 

1960 

037U 

2709 

1955 

nuo 

1866 

1U62 

0UO6  -0866 

TAHLfc;  C-2  (Continued) 


Correlations  of  1|0  Tests  for  Subjects:  Matrix 
(Decimal  points  omitted) 


31 

32 

33 

3U 

35 

36 

37 

38 

39 

1*0 

1.  Lim 

0981 

33U7 

li592 

5927 

131*5 

0530 

1008 

1221* 

001*7 

2503 

2.  L5p-Vi 

l8Hi 

1606 

2060 

2972 

11*52 

11*31* 

0903 

2050 

11*12 

156U 

3.  PSyl-1 

0203 

1279 

Hi2li 

258U 

11*75 

0892 

0365 

1178 

01*07 

11*69 

U.  Con-NV 

076U 

1772 

2038 

2516 

1712 

19l*7 

1350 

1638 

1659 

1831* 

5.  NSp-Au 

20li0 

1985 

1971 

22U3 

161*6 

0793 

11*03 

2118 

0576 

1639 

6,  nrd-u 

0372 

1051 

Hi76 

Hil9  -0001 

-01*1*5 

-0093 

1191*  -0177 

01*1*1 

7.  RSyl 

0895 

1723 

257U 

2551 

1010 

-0085 

1220 

0828 

101*3 

1183 

8,  Ideas 

1002 

1712 

262U 

3399 

0725 

0762 

0618 

071*7 

0509 

1033 

9*  Map-Rp 

132U 

1853 

1361 

1673 

2601* 

2791 

2196 

1981* 

301*0 

1870 

10.  NSp-Vl 

1272 

2506 

1655 

2138 

171*6 

1537 

11*12 

1276 

1061* 

21*1*1 

11.  Piet 

18U3 

1622 

205U 

2lili6 

2159 

11*75 

1569 

2270 

1567 

2187 

12.  Para 

0056 

2710 

3730 

liiaii 

1762 

0978 

1598 

1621* 

1895 

2308 

13.  Mun 

0662 

1902 

Hi07 

0676 

171*2 

11*60 

1268 

1921* 

1207 

21*37 

Hi.  LSp^u 

1983 

227li 

2696 

3103 

1950 

1332 

111*8 

1569 

1031 

1391 

15*  DsgRp 

1580 

211ili 

2330 

1503 

1790 

1931 

2522 

1676 

321*8 

1075 

16.  Con-Vb 

Oli97 

2160 

2U10 

2630 

1151* 

0503 

0603 

1220 

0316 

1527 

17.  RWd 

0220 

1370 

0166 

0262 

1396 

01*60 

0893 

1739 

0009 

1153 

18.  PNub 

lOliO 

lli03 

078U 

Hi9U 

091*6 

0771 

U50 

1592 

0857 

1529 

19.  Map-Vb 

0953 

0980 

075U 

0li86 

0987 

1161 

061*1* 

01*1*6 

1337 

031*7 

20.  lUjMle 

1369 

1811 

2lil3 

151*2 

2121* 

2032 

2562 

1322 

3175 

0999 

21.  SenSp 

-0178 

2676 

36U1 

iiU62 

0991 

1006 

0697 

0716 

0975 

11*21* 

22.  PSyl-2 

Oli51i 

1689 

2109 

2917 

1779 

1772 

1286 

11*63 

1511* 

1960 

23.  RFig 

0li71 

159U 

2173 

1957 

0830 

0683 

121*7 

U89 

1581 

0371* 

2li.  Rel 

2120 

3602 

2962 

1823 

3731 

1879 

2879 

2351 

2696 

2709 

29.  SComp 

0352 

2159 

2531 

2U9I* 

1536 

0971* 

31*05 

1675 

0890 

1955 

26.  InsSp 

0025 

0767 

1001 

131*5 

071*5 

1335 

0328 

0312 

0507 

111*0 

27.  PWd-R 

0781 

1731 

1509 

1809 

0908 

1083 

0792 

11.91 

1185 

1866 

28.  IConp 

292U 

2922 

3232 

1996 

3533 

2572 

3701 

2661* 

3U65 

11*62 

29.  MPrin 

3192 

U516 

3993 

1666 

1780 

1392 

2859 

191*9 

3151* 

01*08 

30.  RCon 

3028 

0326 

0(i62 

-0322 

0517 

0180  -0061 

01*51* 

011*6 

-0866 

31.  CCoord 

192U 

18U3 

0968 

271*1* 

2373 

2262 

3350 

2892 

1537 

32.  AReas 

192li 

5liU5 

31*63 

3812 

01*86 

3588 

2276 

3H*0 

1*776 

33.  RdComp 

18U3 

5Ui5 

6109 

2792 

11*76 

2339 

2058 

3073 

231*3 

3li.  Voc 

0968 

3U63 

6109 

2111* 

1850 

161*7 

2101* 

2051* 

2672 

35.  MRd 

27Ui 

3812 

2792 

2Ui* 

l*lil*8 

5725 

3619 

3291 

5196 

36.  SpaO-1 

2373 

0ti86 

Hi76 

1850 

1*1*1*B 

3853 

3228 

1*21*7 

2051 

37.  CRu 

2262 

3588 

2339 

161*7 

5725 

3853 

2761 

3812 

3911 

36.  DRTine 

3350 

2276 

2058 

2101* 

3619 

3228 

2761 

2277 

2901 

39.  SpaO-2 

2892 

31ii0 

3073 

2051* 

3291 

1*21*7 

3812 

2277 

15U3 

UO.  NunOp 

1537 

U776 

23U3 

2672 

5196 

2051 

3911 

2901 

15U3 

TABLt;  C-3 
Weight  Uatrix 

(All  ejnpty  cells  contain  zero  weights) 


Test 


Factor 


\ ^1  ^1  °1 


1.  Lim  1 

2.  LSp-Vi 

3.  PSyl-1 
U,  Con-NV 

5.  SSp-Au 

6.  PWd-U 

7.  aSyl 

8.  Ideas 

9.  Map-Rp 

10.  NSp-Vi 

11.  Piet 

12.  Para  1 

13.  Nun 
lU.  L5p>Au 

15.  DsgRp 

16.  Con-Vb 

17.  RWd 

18.  PNun 

19.  liap-Vb 

20.  Nap-Hc 

21.  SenSp 

22.  PSyl-2 

23.  RFig 

2U.  Rel  1 

25.  SComp 


26.  InsSp 

27.  PNd-R 

28.  IComp 

29.  MPrin 

30.  RCon 

31.  ^'Coord 

32.  AReas 

33.  RdComp  1 

3U.  Voc  1 

35.  DTRd 

36.  SpaO-1 

37.  CRd 

38.  DRTime 

39.  SpaO-2 
UO.  NumOp 


111 
1 1 
1 

1 

1 1 
1 

1 1 
1 

1 1 


1 


1 

1 


1 


1 


1 


1 


1 


1 


1 

1 

1 


1 1 


TABLE  C-J* 

Factor  Matrix 

a 

(Oaclnal  points  omitted) 


Test 

Factor 

h 

®i 

"l 

^1 

^1 

h 

°1 

1. 

lAm 

70 

— 06 

-09 

-06 

09 

01 

10 

2. 

LSp-Vl 

33 

ou 

08 

-10 

25 

59 

00 

3. 

PSyl..! 

29 

OU 

-02 

-17 

OU 

23 

50 

U* 

COn-w'V 

33 

09 

08 

-12 

-10 

05 

05 

5. 

NSp-Au 

2k 

lii 

-00 

06 

21 

65 

-01 

6. 

Pird-U 

27 

-10 

— 06 

10 

06 

19 

55 

7. 

RSyl 

36 

-02 

01 

-00 

-03 

01 

2U 

8. 

Ideas 

U8 

-13 

-02 

-07 

09 

OU 

08 

9. 

Map-Rp 

22 

21 

25 

-OU 

-13 

02 

30 

10. 

NSp-Vi 

27 

20 

-OU 

-06 

07 

62 

07 

11. 

Piet 

31 

13 

10 

-05 

11 

10 

16 

12. 

Para 

55 

02 

-02 

-08 

-16 

-00 

08 

13. 

Norn 

16 

2U 

-03 

01 

-17 

18 

27 

lU. 

LSp-Au 

38 

07 

05 

-05 

26 

62 

05 

15. 

Osf^p 

20 

15 

32 

35 

-28 

23 

lU 

16. 

Con-Vb 

Ul 

00 

-10 

-07 

07 

01 

26 

17. 

RWd 

11 

15 

-09 

-13 

07 

11 

U6 

18. 

PN« 

23 

07 

01 

-07 

-02 

20 

63 

19. 

Map-7b 

11 

06 

12 

02 

-OU 

lU 

22 

20. 

Hap-Rc 

27 

10 

32 

17 

-25 

16 

22 

21. 

SenSp 

50 

-05 

-01 

01 

-02 

3U 

-12 

22. 

PSyl-2 

35 

07 

09 

-12 

-12 

29 

U6 

23. 

RFlg 

29 

-ou 

lU 

17 

-17 

07 

28 

2U. 

Rel 

30 

38 

10 

12 

-12 

08 

12 

25. 

SComp 

UU 

03 

00 

-12 

-00 

-03 

U9 

26. 

InaSp 

12 

07 

05 

-07 

-01 

32 

-03 

27. 

PMd-R 

30 

05 

01 

-08 

OU 

07 

59 

28. 

ICoap 

28 

27 

39 

20 

09 

01 

05 

29. 

UlVin 

30 

19 

23 

51 

16 

-OU 

-05 

30. 

RCon 

-07 

OU 

10 

22 

55 

01 

-03 

31. 

CGord 

lit 

26 

29 

19 

38 

02 

02 

32. 

AReas 

5U 

UU 

-10 

37 

-03 

03 

-01 

33. 

RdCoap 

7U 

11 

07 

25 

03 

-OU 

-09 

3U. 

Voc 

80 

-07 

05 

-11 

OU 

03 

-10 

35. 

DIRd 

29 

65 

27 

-12 

03 

-01 

-01 

36. 

. SpaO-1 

17 

29 

56 

-23 

02 

OU 

-01 

37. 

CRd 

2U 

60 

36 

-03 

-06 

-02 

-02 

38. 

, DRTlae 

25 

3U 

21 

-08 

25 

-01 

09 

39. 

SpaO-2 

28 

27 

U8 

17 

— 08 

-01 

-01 

UO. 

. KumOp 

35 

6U 

-17 

-25 

-00 

-01 

02 

TABUS  C-5 

R«sldu«l  Corr«latlon  Matrix 
(Daelaal  pointa  oalttad) 


Teat  123U5  6789 

1.  Lia  -02U  -0266  0660  -0195  -03U3  -OU73  1607  -0279  02U8 

2.  LSp-Vi  -0211  -0322  0398  -0291  -0260  0079  -059U  0586  0352 

3.  PSyl-1  -0266  -0322  -0668  -0109  0156  -0163  -0576  -03U9  OOOO 

U.  Con-mr  0660  0398  -0668  -009U  088U  -0592  1082  0870  0225 

5.  BSp-Au  -0195  -0291  -0109  -009U  0073  -0025  0203  OlUi  -0090 

6.  Pird-0  -03U3  -0260  0156  088U  0073  0015  0579  0165  -0201 

7.  RSyl  -OU73  0079  -0163  -<^92  -0025  0015  -0983  -0113  -0058 

8.  Ideas  1607  -059U  -0576  1082  0203  0575  -0983  0796  0239 

9.  Map-Rp  -0279  0586  -03U9  0870  Ollii  0165  r<>113  0796  0301 

10.  IBp-Ari  02U8  0352  0000  0225  -0090  -0201  -0058  0239  0301 

U.  Piet  -0085  0321  -031*0  01*96  0152  -0017  03l*3  01*70  Ol*9l*  0075 

12.  Para  -0686  0323  -0378  -0l*02  -0027  0672  0399  -01*1*8  0313  -0031 

13.  Mw  -1011  -0085  -0069  0201  0101  011*3  0573  -0129  0603  -0087 

U*.  LSp^u  -0028  ^166  ^211  -0725  0269  0262  0363  -0529  0121  0066 

15.  Oa^  01*57  0305  0265  OU83  -0127  -0869  -0010  0362  0709  -0210 

16.  Cott-Vb  061*2  -0107  -0659  0278  -001*7  -05l6  -0l*03  0787  -0259  -OU*6 

17.  Rid  -0370  -01*02  -1665  -0250  -0131*  1371  0192  0831*  0357  0198 

18.  PAa  -0127  Olltl*  -0188  0051  -0132  0326  0069  -0301  0261  -0i*7l* 

19.  Map-Vb  0282  -OlU*  -0361*  0361  0170  -0865  0723  01*98  0^1  0695 

20.  Ha^  0163  0960  -0227  0056  0066  -OOOb  0621*  01*62  0l*79  -0082 

21.  Saifip  0186  ^001*2  06U  0196  -0183  0125  -0360  0681  -1123  -Ol*69 

22.  PSt1-2  -0190  0268  0903  -01*51*  -0220  -0666  0262  -056?  0085  0120 

23.  SPii  0^  0209  -0708  0760  0071*  -0370  1109  0i*30  0761*  -0612 

21*.  Ral  -0039  0029  -0092  0757  0326  0697  0071*  0339  0365  0120 

25.  SCflBip  1125  -0123  -0667  -OCU8  0669  0081*  -0301  0820  -0262  0120 

26.  InaSp  0215  0381*  -0296  -0031*  -011*1*  -1105  -061*1  -097U  0131  01*29 

27.  PRd-R  -0199  0273  -1091*  0235  -0281  -011*2  0U7  00l*8  0080  01*35 

28.  ICeam  0l»63  0017  021*7  -0208  -0005  0081  0179  -01*35  -0388  -0166 

29.  MPrtii  0013  -0258  0033  -0l*6l  -0075  -0077  -0767  0601*  0061  -0096 

30.  RCan  -0687  00^  -0031*  0228  -0209  0159  OlU*  -0660  0097  0093 

31.  CCaaid  0211  011*6  -021*6  01*1*1  0289  -0162  0l*7l*  0l*91  0230  0169 

32.  ARaaa  0015  -0001  0088  0119  -0293  -Ola7  -0105  -0063  0092  0179 

33.  RdConp  -0235  -0057  0166  -0122  0052  -0109  0166  -0561  -021*6  -Olli* 

31*.  Yoc  0292  -0051*  OU78  -0137  0170  -0219  -0092  -0598  0212  -0103 

35.  DlHd  -0101*  -0092  0273  -0106  0151*  0207  0088  0121*  -0(7fd  -021*1 

36.  SpaO-1  -011*3  -0195  -0078  01*00  -011*1*  -0112  -0720  0195  0350  0331 

37.  0108  -0171*  -01*05  -0307  0288  0262  01*1*7  035U  -0527  -0127 

38.  tSOiam  -01*96  021*3  -0337  0528  0608  01*16  -0177  -031*9  0188  -0255 

39.  SpaO-2  -0326  01*1*1*  -0037  0222  -0293  -01*37  0006  -0238  061*3  0203 

1*0.  0088  0093  -0360  -0012  0139  0210  0016  -0061  -OOU*  0062 


TABI£  (GonUnutd) 
Residual  Correlation  Matrix 
(Decimal  points  oadtted) 


Tmst  11  12  13  lit  15 


16  17  18  19  20 


!•  Ida  -0085  -0686  -1011  -0028  OU57 

2.  I5p-?1  0331  0323  -0085  -0166  0305 

3.  PSjrl-l  -03l*0  -0378  -0069  -0211  0265 

U.  Gon-Wr  0^96  -0U02  0201  -0725  Oli83 

5.  MSp-JLv  0152  -0027  0101  0269  -0127 


06U2  -0370  -0127  0282  0163 
-0107  -0U02  OliiU  -OUli  0960 
-0659  -1665  -0188  -0361*  -0227 
0278  -0250  0051  0361  0056 
-OOJ*7  -013U  -0132  0170  0066 


6.  PW-U  -0017  0672  011*3  0262  -0869 

7.  RSyl  031*3  0399  0573  0363  -0010 

8.  Ideas  01*70  -Ol*l*8  -0129  -0529  0362 

9.  Hap-Rp  Ol*9U  0313  0603  0121  0709 

10.  NSp-Vi  0075  -0031  -0087  0066  -0210 


-0516  1371  0326  -0865  -OOOl* 

-01*03  0192  0069  0723  0621* 

0787  0831*  -0301  01*98  01*62 

-0259  0357  0281  0561  01*79 

-Oll*6  0198  -0l*7l*  0695  -0082 


11.  Plot  0237  0961  -0506  0998 

12.  Para  0237  0669  0U*1*  -0709 

13.  Nub  0961  0869  0169  0818 

11*.  LSp-4tt  -0506  0U*1*  0169  0200 

15.  DagRp  0998  -j^09  0818  0200 


0101  -0327  -01*39  -0537  I20I* 

-0080  0626  0111  -0081*  0057 

'^1179  03U3  0039  0502  0656 

-0332  -0133  0113  -0285  0300 

0589  01*56  -0098  0021*  -0896 


16.  Coo-Vb  0101  -0080  -U79  -0332  0589 

17.  Rid  -0327  0626  03U3  -0133  01i56 

18.  PIluB  -01*39  0111  0039  0113  -0098 

19.  Map-Vb  ^37  -0081*  0502  -0285  0021* 

20.  Map-Re  1201*  0057  0656  0300  -0896 


01*1*2  -051*0  0790  -0332 

01*1*2  0226  -0160  00l*l 

-05UO  0226  0121*  -ooia 

0790  -0160  0121*  0510 

-0332  001*1  -001*1  0510 


21.  SenSp  -001*2  -01*08  -0096  00l*3  -0169 

22.  IByl-2  0199  -Ol*Ol*  -0021*  0009  0305 

23.  RPlg  121*3  -011*1  -Ol*Ol*  0217  0223 

21*.  Ral  0705  ^3l*  1030  -009I*  101*2 

25.  SCoBp  0286  -01*07  -0326  0116  01*60 


0633  01*72  031*9  -01*66  -12l*l* 

0166  -0262  0293  0012  -0073 

0223  0652  031*2  0177  -OO38 

0021*  -0781  -01*1*7  0560  0799 

0981  0072  -0175  0590  0187 


26.  IneSp  01*93  -0615  -0520  -0353  070b 

27.  Pl»4l  0311  0b06  0237  -0290  -0063 

28.  IGmp  0302  -0595  -0317  0057  0033 

29.  MPklii  -0270  0U*2  -05U3  0005  -0219 

30.  RCen  -Qb02  Obl7  0b60  -0182  -0087 


0289  -1131  0003  -01b2  -ObU3 
0567  0257  -OObl  050b  0158 
-0183  -0392  -0263  -0332  -02b5 
0253  Ob87  0280  -0b73  -0329 
-0092  0121  -0571  Ob95  0261 


31.  CCeattl  0370  0036  ObOO  0121  0273 

32.  AReae  -0356  -0090  -0192  0062  -0697 

33.  RdCflBp  -0186  0009  0300  010b  -0121 

3b.  9oe  003b  -0122  -0158  -0220  037b 

35.  irntd  0061*  0081  -009b  0258  -OUb 


0022  -0216  055b  0310  031b 
0167  0515  0117  0123  -Ob96 
-0131  -0012  -0167  -0001  0015 
-Ob30  -02bb  018b  -0197  -023b 
011*6  0213  -0162  0Qb7  0130 


36.  SpaO-1  -0169  -0055  0689  -0182  0120 

37.  CRd  -023b  0166  -Obb5  -0051  -0002 

38.  atnae  0363  Ol*8b  0965  -0399  0818 

39.  SpaO-2  0037  0b03  0167  -0082  -OO38 

bO.  mrnOp  0292  0009  0285  -0319  0811 


0167  -000b  -0055  0162  -01b2 
0033  0139  0293  -Olbl  0131 
-0069  Ob53  0208  -0363  0179 
-0163  OObb  0187  0265  0126 
-0313  -0728  00b5  -0170  0366 


TABLE  C-5  (ConM.nusd) 

Rtsldual  Correlation  Matrix 

* 

(Decimal  points  omitted) 

Teat  21  22  23  2l»  2$  26  2?  28  29  30 

1.  Llm  0186  -0190  0215  -0039  1125  0215  -0199  01*63  0013  -0687 

2.  LSp-Vi  -00i*2  0288  0209  0029  -0123  0301*  0273  0017  -0258  0095 

3.  PSyl-1  061*1  0903  -0708  -OO92  -O667  -0296  -IO9I*  021*7  0033  -OO3I* 

1*.  Con-HV  0196  -0l*5U  0760  0757  -001*8  -OO3I*  0235  -0208  -0i*6l  0228 

5»  NSp-Au  -0183  -0220  OO7I*  0326  0669  -011*1*  -0281  -0005  -0075  -0209 

6.  PWd-U  0125  -0666  -0370  0697  OO8I*  -U05  -011*2  OO8I  -0077  0159 

7.  RSyl  -0360  0262  1109  007I*  -0301  -061*1  0117  0179  -0767  Olll* 

8.  Ideas  O68I  -0567  01*30  0339  0820  -097U  001*8  -01*35  O6OI*  -0660 

9.  Map-Rp  -1123  0085  0761*  0365  -0262  OI3I  0080  -0388  0061  0097 

10.  NSp-Vl  -01*69  0120  -0612  0120  0120  Ol*29  0l*3^  -0166  -0096  0093 

11.  Piet  -001*2  0199  121*3  0706  0286  Ol*93  0311  0302  -0270  -0l*02 

12.  Para  -01*08  -ol*Ol*  -OlUl  -003I*  -0l*07  -0615  01*06  -0595  0ll*2  0U17 

13.  Hm  -0096  -0021*  -0l*0l*  IO30  -0326  -0520  0237  -0317  -051*3  01*60 

li*.  LSp-^u  001*3  0009  0217  -0091*  0116  -0353  -0290  0057  0005  -0182 

15.  DagRp  -0169  0305  0223  101*2  0l*60  O70I*  -0063  0033  -0219  -006? 

• 16.  Con-Vb  0633  0166  0223  0021*  0981  0289  0567  -0183  0253  -0092 

17.  RWd  Ol*72  -0262  0652  -O78I  0072  -1131  0257  -0392  Ol*87  0121 

16.  PIfum  031*9  0293  03U2  -^7  -0175  0003  -001*1  -0263  0280  -0571 

19.  Map-Vb  -01*66  0012  0177  0560  0590  -01i*2  05OI*  -0332  -Ol*73  01*95 

20.  Map-Ro  -121*1*  -0073  -OO38  0799  0167  -Ol*l*3  0158  -02l*5  -0329  0261 

21.  SenSp  -0197  0112  -0381  -0782  -O316  -0136  0098  Ol*25  0203 

22.  P8yl-2  -0197  -O3OI  0317  -0768  O78O  -0192  -0039  -0259  0269 

23*  RFig  0112  -0301  01*66  0361*  007I  0651*  -011*9  0032  0131* 

2l*.  Ral  -0381  0317  01*66  -0113  0072  -0362  00l*7  -0599  ^^9 

25.  SComp  ^762  -0766  O38I*  -0113  0702  0662  0019  -0057  0235 

* 

26.  InaSp  -0316  O78O  007I  0072  0702  -0083  0581  -0233  OOll* 

27.  P»d-R  -0136  -0192  0651*  -0362  0862  -0083  -00l*5  0079  -0058 

28.  IComp  0098  -0039  -01l*9  00i*7  0019  0581  -00l*5  -0297  0132 

29.  MPrtn  01*25  -0259  0032  -0599  -0057  -0233  0079  -0297  03l*3 

30.  RCon  0203  0269  OI3I*  -0059  0235  OOll*  -0058  0132  03l*3 

31.  CGoPCd  -0725  0029  -0016  0610  -OI98  -0363  0023  -00l*2  0055  OI9I* 

32.  ARaas  0053  -0100  -031*3  -0056  OI36  0008  0176  -0100  0512  -OO89 

33.  RdComp  0016  0227  -0122  0159  -001*6  02l*7  -0071  0131*  0056  0060 

31*.  Voc  0207  0367  001*7  -0086  -0673  0152  -OI36  -0001  -02U  0210 

35.  BTRd  ^6  001*2  011*0  033U  0008  -021*0  -0368  0162  ^361*  021*3 

# 

36.  SpaO-1  0190  011*3  -0085  -0006  -OO87  O33U  0190  -O378  0232  0012 

37.  CRd  0063  -021*5  0293  -01*5?  0250  -0531  -0156  0169  Ol*3l*  -0178 

36.  DRTime  -0198  -0057  0581  01*08  -0057  -0321  -0171*  0121*  0120  -0921 

39.  SpaO-2  -0273  0099  -0200  0079  -0190  -OTJ*1*  0378  -0160  -0005  -0210 

1*0.  KcaOp  0025  0057  0202  -0278  -0U*1*  0233  0192  -0062  -03l*7  -0151* 


TAfiI£  0~S  (Contlnutd) 


Residual  Correlation  Uatrix 
(Deciinal  points  oaitted) 

Test  31  32  33  3U  35  36  37  38  39  UO 

1.  LIb  0211  0015  -0235  0292  -OlOl*  -OUi3  0108  -01*96  -0326  0088 

2.  LSp-Vi  0U*6  -0001  -0057  -005U  -0092  -0195  -017U  021*3  01*1*1*  0093 

3.  PSyl-1  -021*6  0088  0166  01*78  0273  -0078  -01*05  -0337  -0037  -0360 

1*.  Con-MV  01*1*1  0119  -0122  -0137  -0106  0l*00  -0307  0528  0222  -0012 

5.  MSp-Au  0289  -0293  0052  0170  015U  -011*1*  0288  0608  -0293  0139 

6.  BTd-U  -0162  -0l*17  -0109  -0219  0207  -0112  0262  0l*l6  -Ol*37  0210 

7.  RSyl  0l*7U  -0105  0166  -0092  0088  -0720  01*1*7  -0177  0006  0016 

8.  Ideas  0l*9l  -0063  -0561  -0598  0121*  0195  0351*  -031*9  -0238  -0061 

9.  Map-Rp  0230  0092  -021*6  0212  -0078  0350  -0527  0188  061*3  -0011* 

10.  KSp-Vi  0169  0179  -OlH*  -0103  -021*1  0331  -0127  -0255  0203  0062 

11.  Plot  0370  -0356  -0136  003U  0061*  -0169  -0231*  0363  0037  0292 

12.  Para  0036  -0090  0009  -0122  0081  -0055  0166  0l*61*  01*03  0009 

13.  Hub  0l*00  -0192  0300  -0158  -0091*  0639  -0l*l*5  0965  0167  0285 

U*.  LSp-Au  0121  0062  OlOl*  -0220  0258  -0182  -0051  -0399  -0082  -0319 

15.  DsgRp  0273  -0697  -0121  0371*  -Olll*  0120  -0002  0818  -0038  08ll 

16.  Con-Vb  0022  0167  -0131  -0l*30  011*6  0167  0033  -0069  -0163  -0313 

17.  RV/d  -0216  0515  -0012  -021*1*  0213  -OOOl*  0139  01*53  001*1*  -0728 

18.  PNub  055U  0117  -0167  0181*  -0162  -0055  0293  0208  0187  001*5 

19.  Uap-Vb  0310  0123  -0001  -0197  00l*7  0162  -0U*1  -0363  0265  -0170 

20.  Map-Rc  0311*  -01*96  0015  -0231*  0130  -0U*2  0131  0179  0126  0366 

21.  Sexfip  -0725  0053  0016  0207  -0078  0190  0063  -0198  -0273  0025 

22.  PSyl-2  0029  -0100  0227  0367  00l*2  031*3  -021*5  -0057  0099  0057 

23.  RFig  -0C16  -03l*3  -0122  001*7  011*0  -0085  0293  0581  -0200  0202 

21*.  Rel  0610  -0056  0159  -0086  0331*  -0006  -Ol*55  0l*08  0079  -0278 

25.  SComp  -0198  0136  -00l*6  -0673  0008  -0087  0250  -0057  -0190  -011*1* 

26.  InsSp  -0363  0008  021*7  0152  -021*0  0331*  -0531  -0321  -011*1*  0233 

27.  PWd-R  0023  0176  -0071  -0136  -0368  0190  -0156  -0171*  0378  0192 

28.  ICoum  -001*2  -0100  0131*  -0001  0162  -0378  0169  0121*  -0160  -0062 

29.  MPrin  0055  0512  0056  -0211  -0361*  0232  Ol*?!*  0120  -0005  -0U*7 

30.  RCon  0191*  -0089  0060  0210  021*3  0012  -0178  -0921  -0210  -0151* 

31.  CCoord  -0322  -02l*9  0002  -00l*l  0135  -Ol*,26  0677  0375  0363 

32.  AReas  -0322  0152  -0077  0060  -0325  008l  -0007  0285  0815 

33.  RdConp  -021*9  0152  Ol*53  00l*3  0097  -02l*3  -0120  -0032  -0196 

3l*.  Voc  0002  -0077  OL53,  -0021  0100  -0031  0132  -00l*6  0099 

35.  DTRd  -001*1  0060  00l*3  -0021  0322  0128  -0031  -0363  0189 

36.  SpaO-1  0135  -0325  0097  0100  0322  -0310  01*32  0690  OOOl* 

37.  CRd  -01*26  0081  -021*3  -0031  0128  -0310  -01*92  -0207  -0209 

38.  IKTiBe  0677  -0007  -0120  0132  -0031  Ol*32  -Ol*92  -0033  0039 

39.  SpaO-2  0375  0285  -0032  -00l*6  -0363  0690  -0207  -0033  0078 

1*0.  NuBOp  0363  0815  -0196  0099  0189  OOOl*  -0209  0039  0078 


TAB1£  0-6 


Weight  Matrix  1^ 

(All  empty  cells  contain  aero  Heights) 


0 


Teat  Factor 


1.  Um  1 

2.  LSp-Vi 

3.  PSyl-1 

U.  Con-NV  1 

NSp-Au 

6.  PWd-U 

7.  RSyl  -1 

8.  Ideas  1 

9.  Uap-Rp 

10.  NSp-Vi 

11.  Piet 

12.  Para  -1 

13. 

lit.  LSp-Au 
1$,  DsgRp  1 

16.  Con-Tb  1 

17.  RWd 

18.  Plh* 

19.  Map-Vb 

20.  Map-Re 

21.  SenSp 

22.  PSyl-2 

23.  RFig 
2U.  Rel 

2$,  scamp  1 

26.  InsSp 

27.  PV/d-R 

28.  ICcnp 

29.  Mftln 

30.  RCon 

31.  CCoord 

32.  AReas 

33.  RdCcaqp 
3U.  Voc 

35.  DTRd 

36.  SpaO— 1 

37.  CRd 

38.  IBTiae 

39.  SpaO-2 
UO.  NumOp 


J 


1 


-1 


-1 


1 

1 1 


1 

1 1 


-1 


1 

1 

1 


1 


-1 


1 


1 


1 


TABUS  C-7 


Factor  Matrix 
(Decimal  points  emitted) 


Test  Factor 


»1 

^1 

•^1 

*1 

1.  LIm 

3$ 

-06 

01 

-08 

2.  LSp-Vi 

-6k 

00 

-17 

07 

3.  PSyl-1 

-10 

-37 

09 

-05 

U.  Con-NV 

22 

02 

06 

17 

5.  NSp-Au 

02 

01 

03 

10 

6.  PiM-U 

-Oli 

09 

31 

12 

7.  RSyl 

-21 

Hi 

-06 

08 

8.  Ideas 

30 

08 

23 

11 

9*  Map-Rp 

07 

05 

-08 

21 

10.  N3p-Vi 

03 

00 

-08 

02 

11.  Piet 

08 

09 

-12 

2li 

12.  Para 

-20 

16 

05 

11 

13.  Itua 

-15 

03 

08 

32 

lU.  LSp>Au 

-09 

03 

02 

-02 

15.  Ds^p 

20 

-05 

-12 

18 

16.  Con-Vb 

2k 

15 

-07 

-16 

17.  RWd 

02 

33 

23 

—02 

18.  PlhBi 

-07 

02 

02 

-01 

19.  Liap-Vb 

09 

11 

-12 

06 

20.  Map-Rc 

-05 

09 

-10 

28 

21.  SenSp 

07 

-Oli 

19 

-21 

22.  PSyl-2 

-07 

-lii 

-15 

02 

23.  RFig 

06 

21 

-06 

09 

2l|.  Rel 

10 

-08 

-02 

20 

25.  Sdomp 

25 

16 

-11 

-03 

26.  InsSp 

11 

-13 

-33 

-09 

27.  FJd-R 

05 

25 

-12 

-Oli 

28.  ICOBQ} 

01 

-09 

-Oli 

-03 

29.  MFtln 

01* 

07 

10 

-09 

30.  RCon 

-08 

02 

-02 

-Oli 

31.  CCoord 

Oli 

-00 

-03 

20 

32.  ARaas 

-01 

Oli 

-00 

-08 

33.  RdCoap 

-07 

-05 

-03 

-02 

3k.  Voc 

-05 

-16 

00 

00 

35.  DTRd 

-01 

01 

05 

03 

36.  SpsO— 1 

07 

-03 

-01 

06 

37.  CRd 

-01 

08 

07 

-12 

38.  DRTiiM 

00 

03 

01 

20 

39.  SpaO-2 

— 06 

02 

-08 

07 

I4O.  NunOp 

02 

-05 

-Oli 

05 

TABIE  C-8 


Residual  Correlation  Matrix  ■ R 


Test 


(Decimal  points  omitted) 
2 3 U 5 6 


10 


1.  Xdm  0000  -0196  0018  -0193 

2.  LSp-fi  0000  -J0157  0UU8  -0309 

3.  P8yl-1  -0196  -0157  ^339  -0025 

li.  Com4R  0018  Olik8  -0339  -0333 

5.  MSp^tt  -0193  ^309  -0025  -0333 


-0085  Ob22  0386  -0307  0176 
0175  -0I6U  -0151  032k  0212 
0237  02liU  -0037  0080  0111 
0578  -0262  -0088  0392  0177 
-0130  -0055  -006U  -0096  -0092 


6.  Fffd-U  -0085  0175  0237  0578 

7.  RSjl  OU22  -01^  02Uk  -0262 

8.  Ideas  0386  -0151  -0037  -0088 

9.  Iap4tp  -0307  03ili  0080  0392 

10.  M3p-Ti  0176  0212  0111  0177 


-0130  -0107  -0177  OlkO  0032 
-0055  -0107  -0269  -0260  -006U 
-0061i  -0177  -0269  0U»0  0292 
-0096  OUiO  -0260  ObUO  0183 
-0092  0032  -006U  0292  0183 


U.  Piet  -0119  ^35  0285  -00b5  -0080 
12.  Para  0186  0251  0031  -0228  -0127 
13*  -0220  -0236  -0026  -0070  -0210 
lit.  LSp^u  0286  -0153  -0217  ^21  0296 

15.  DsiRp  -0127  0028  0U66  -0187  -03U 


0026  0133  0090  -0202  -008lt 

0153  -0288  -0089  0161  0039 

-0579  OOlit  -013U  0076  -OOUO 

0156  0165  »02]t9  0215  0108 

-0562  0262  -0268  012ii  -039U 


16.  Com-fb  -0236  -0027  0U7  0023 

17.  KM  -0278  0007  -0623  -Oti52 

18.  Him  0112  0160  -0215  0196 

19;  Msp-fb  0086  -03ia  C2^  0099 

20.  Kap-Re  063U  055U  0286  -027M 

21.  SesBp  -0295  Oli76  0283  029lt 

22.  r^i-t  -0006  0000  aUti  -0227 

23:  RP1|  0202  0058  0228  Qi|68 

2lu  Rsl  -0201  -0185  -0127  009k 

25.  SCemp  0318  -0211  026it  -0516 


0059  -0151  -0021  0088  -0218  -02lt0 

-021it  0397  -0075  0000  OUOl  0370 

-0U7  0228  -0075  -0101  03U8  -Olt39 

0112  -0621  06it0  026ii  0220  0562 

-0183  -012lt  0107  0U9it  -0205  -0199 

-0039  -0150  0137  02U2  -0555  -0301 

-0170  -0135  0218  OUO  00ii6  0022 

-0033  -Olt57  08U3  0057  0385  -0693 

OOla  0553  0Ht3  -0216  -0271  0025 

0661  0iiit2  -0038  0036  -0531  -0036 


26.  limSp  -0266  -0082  -Olt2it  0111  0031 

27.  PM4  -0223  0099  -0038  0222  -02U2 

28.  ICemp  0373  -0022  -0097  -0130  00U2 

29.  IPrla  -0158  -0016  0195  -0U6lt  -0031 

30.  toon  -0U2b  0052  -0022  Olt7it  -0150 

31.  OCosrd  02lt8  -00^  -0092  0037  0091 

32.  ASsm  -0000  00b6  0189  0260  -0217 

33.  RdCflmp  -0033  -0U7  -OOM  0085  0097 

3li.  Poe  0366  -0069  ^58  -0011  0191 

35.  DRd  -00li5  -0037  026k  «>0I60  011k 


0197  -0368  -0k06  0065  0158 
0078  -0172  -0007  -0086  0330 
0311  0312  -0266  -031k  -0190 
-0319  -0657  0288  0259  -0017 
0226  -006k  -0288  0198  0102 

-0275  0370  0212  -02k5  0096 
-03k9  -0111  0026  0238  0191 
001k  0086  -0183  -0161  -OUk 
-0106  0023  -0300  0312  -0088 
0018  0061  0021  -0099  -0207 


36;  SpiK>-l  -0358  -0226  -0070  0156 

37.  CRd  0083  OOkl  -0222  -0137 

38;  lATime  -0329  0115  -0123  0160 

39.  SpsO-2  -0053  02k3  0085  0271 

ko.  limOp  00k5  -0009  -Olt5k  -0100 


-0212  -0105  -0590  -0093  0188  0296 
038k  0098  Ok55  0287  -02k5  -00k5 
0399  0109  -0370  -06kk  -02k9  -0282 
-0327  -0322  -0238  0052  Ok71  Oik? 
0103  0331  0050  -00k6  -0139  0016 


TABLE  C-8  (ContlniMd) 


R«8ldu*l  Corr«latlon  Matrix  ^ 
(Daeijaal  points  oaittad) 


Tost  11  12  13  ll»  15  16  17  18  19  20 


1.  Ida  -0119  0186  -0220  0286  -0127 
2;  LSp-?i  -003$  0251  -0236  -01$3  0028 
3;  FS^l-l  0285  0031  >0026  -0217  Ok66 
U;  Con-MV  -OOU5  -0228  -0070  -0521  -0187 
5.  RSihAu  -0080  -0127  -0210  0296  -0311 


-0236  -0278  0112  0086  063U 
-0027  0007  0160  -03U1  055b 

0117  -0623  -021$  028b  0286 
0023  -Ob52  0196  0099  -027b 
0059  -0214  -0U7  0112  -0183 


6.  FWd-U  0026  0153  -0579  0156  -0562 

7:  RS7I  0133  -0288  001b  0165  0262 

8;  Idaas  0090  -0089  -013b  -02b9  -0268 

9;  MaH^  -0202  0161  0076  0215  012b 

10.  Bp-?i  -008b  0039  -OObO  0108  -039b 


-0151  0397  0228  -0621  -012b 
-0021  -0075  -0075  06b0  0107 

0088  0000  -0101  026b  Ob9b 
-0218  ObOl  03b8  0220  -0205 
-02b0  0370  -Ob39  0562  -0199 


U.  Piet  00b9  0396  -0398  0305 

12.  Para  00b9  012b  -0065  -0378 

13*  Vw  0396  012b  0062  0662 

lb.  LSp^tt  -0398  -0065  0062  Obbb 

15.  OagBp  0305  -0378  0662  Obbli 


0066  -0307  -0357  -0997  0382 
0371  00b9  -00b7  -0086  -Ob53 
-0306  0155  -0060  0517  -0258 

-0173  -0259  00b5  -0201  029b 
0376  0912  0083  -0363  -3375 


16.  Con-Tb  0066  0371  -0306  -0173  0376 

17.  MW  -0307  00b9  0155  -0259  0912 

18;  mm  -0357  -OQb7  -0060  00b5  0083 

19.  Map-Tb  -0997  -0086  0517  -0201  -0363 

20.  HaHle  0382  -Ob53  -0258  029b  -1375 


0035  -QbOO  Obll  0025 
0035  0137  -0256  OObl 
-ObOO  0137  0196  -0Qb9 
Obll  -0256  0196  0165 
0025  OObl  -00b9  0165 


21.  SanSp  0662  -0053  05b3  00b9  0276 

22.  Rjl-2  0158  -0258  -0025  0023  03b8 

23.  SPig  0735  -Cb20  -0606  0238  -0023 

2b;  Bal  0000  -0033  032$  OO6I  0180 

25.  SCeap  -0115  -0068  020$  0311  -00b7 


0320  0120  0352  -0128  -0385 
0b68  0555  0302  OObb  -0181 
-0135  OlOb  0367  -0237  -0500 
032b  -Ob33  -03b6  0359  0111 
0669  -02b3  -0011  0059  0lb9 


26.  InaSp  03b8  0068  02b6  -0173  0182 

27.  FfM  0012  0213  0b60  -0302  -0106 

28;  ICen  0398  -0396  -0161  0089  -0017 

29;  IPrin  -OObO  0158  -03U  -001b  0015 

30.  KCm  -0297  0285  0b78  -0258  0118 


-01b9  0007  0155  -Obbb  -03b7 
-0050  -029b  -0029  0062  -005b 
-0137  -0027  -02b0  -0267  -0120 
-000b  0023  0268  -0bl5  -0033 
-OOlb  0107  -0625  0535  0281 


31.  CCoerd  -0176  -0102  -0159  Om  -0203 

32.  ABaas  -020b  -0071  0039  003b  -0532 
33*  RdCflsm  -0081  -0016  0292  0060  -0012 
3b.  Too  0196  0025  -0199  -0216  0379 
35.  OlBd  0053  -0007  ^0  02bl  -0082 


0230  -009b  0599  0117  -0263 

0003  0385  0102  0128  -0321 

0053  021b  -0201  0090  00b3 

-0080  0277  0178  0018  -0131 

0236  0090  -0178  0087  0085 


36.  SpaO-1  -0351  0059  0621  -0103  -01b6 

37*  CBd  0081  0119  -0150  -0116  0372 

38.  OBTiM  -0133  0201  0306  -0376  0b83 

39*  SpaO-2  -0181  0225  -OO7O  -0111  -0127 

bO.  loiOp  0151  0079  0201  -0276  061b 


0122  0097  0001  0082  -0253 
-0212  -0332  0250  -006b  0b70 
0198  0357  0217  -0509  -ObOl 

-0008  0171  0166  0162  -0182 
-0238  -Ob75  0076  -0215  0236 


TABLE  C-8  (ContlnvMd) 


T»st 

1.  Lla 

2.  LS>.Y1 

3.  PSyl-1 
U.  Con-IV 

5.  Cp-Att 

6.  FId-U 
7;  RSyl 
8;  IduM 
9. 

10.  Cp-Vl 

11.  Plot 

12.  Para 

13.  V« 
lit.  LSp-JLu 

15.  DigKp 

16.  COD^Vb 

17.  Kid 

18.  mm 

19.  Hi^Vb 

20.  Map-Be 

21*  SaoSp 

22.  P8J1-2 

23.  RPlg 

2U.  Ral 
2$.  SCo^p 

26.  InsSp 

27.  PW-B 

28.  ICoap 

29.  mein 

30.  BCob 

31.  CCoord 

32.  AKaaa 

33.  RdCaq) 
3lti  Yoc 
39.  DTltd 

36.  SpaO-1 

37.  CBd 

38.  SBTiM 

39.  8pa0-2 

Ho.  iMOp 


21 


Raaldual  Correlation  Matrix 
(Daeiaal  points  oalttad) 

22  23  2lt  25  26  27  28 


29  30 


-0299  -0006  0202  -0202  0338 
Olt76  0000  0098  -0189  -0211 
0283  OltUl  0228  -0127  026H 
029U  -0227  0U62  009it  -O9I6 
-0039  -0170  -0033  OOta  0661 

-0190  -0139  -OU97  0993  0ltit2 
0137  0218  08U3  011t3  -0038 
02ii2  0110  00^  -0216  0036 
-0999  00U6  0389  -0271  ^931 
-0301  0022  -0693  0029  -0036 

0662  0198  0739  0000  -0119 
-0093  -0298  -OUaO  -0033  -0068 
09U3  -0029  -0606  0329  0209 
00U9  0023  0238  0061  0311 
0276  01U8  -OD23  0280  -00it7 

0320  0U68  -0139  032lt  0009 
0120  0999  OlQlt  -Olt33  -02U3 
0392  0302  0367  ^3U6  -0011 

-0128  OQUt  -0237  0399  0099 
-0389  -0181  -0900  OIU  0Ut9 

0111  Ob92  0Ut8  -0792 

OUl  -0069  0182  -093U 

OU92  -0069  0329  -OUtO 

OlltS  0182  0329  -0169 

-0792  -093U  -OUtO  -0169 

-0012  0202  0163  0099  0228 
0089  0020  0077  -0139  020U 
0066  -0208  003U  00it7  0093 

0062  0018  0000  -0320  -0176 
0237  0222  0193  0133  039U 

-026U  -OOltl  -0230  0006  -0296 
-0081  -OOltl  -0392  0199  0061 

0063  0078  0016  0232  0160 
OI8U  OUlt  0396  -017U  -0309 

-0099  0108  0132  0282  0089 

0263  0131  -0130  -0299  -0212 
-0299  0001  027lt  -0021  0182 
021it  -0028  03it0  -0129  -0036 
0061  -0032  -0310  -0093  -03it8 
0177  -0067  0219  -Olt76  -01it6 


-0266  -0223  0373  -0198  -0lt2lt 
-0082  0099  -0022  -0016  0092 
-0it2lt  -0038  -0097  0199  -0022 
0111  0222  -0130  -0U61t  0lt7U 

0031  -O2U2  00U2  -0031  -0190 

0197  0078  0311  -0319  0226 
-0368  -0172  0312  -0697  -OO6U 
-0lt06  -0007  -0266  0288  -0288 

0069  -0086  -0311t  0299  0198 

0198  0330  -0190  -0017  0102 

03lt8  0012  0398  -OOltO  -0297 
0068  0213  -0396  0198  0289 
02lt6  0lt60  -0161  -0311  Olt78 
-0173  -0302  0089  -OOUt  -0298 

0182  -0106  -0017  0019  0118 

-0Ht9  -0090  -0137  -OOOlt  -OOlIt 

0007  -029lt  -0027  0023  0107 

0199  -0029  -O2U0  0268  -0629 
-OlOtit  0062  -0267  -0la9  0939 
-03U7  -009U  -0120  -0033  0281 

-0012  0089  0066  0062  0237 
0202  0020  -0208  0018  0222 
0163  0077  003lt  0000  0193 
0099  -0139  00lt7  -0320  0133 
0228  020it  0093  -0176  039U 

-0297  031it  0092  0008 
-0297  0112  -0020  -012lt 

03Ut  0112  -0230  0136 

0092  -0020  -0230  03lt8 

0008  -012it  0136  03U8 

-0329  0091  -0001  02lt9  0290 
-0029  0Qlt9  -0091  0lt26  -0133 
0Ut7  0032  0081  012lt  OOOlt 
0010  0271  -0133  -0089  0212 
-0039  -033it  0199  -0389  0299 

0298  0239  -0390  0280  0092 
-028U  -0319  0239  O20I1  -0232 
-0091  -0162  0216  0298  -081i7 
-02it9  0286  -0Ht8  0131  -0292 
0063  0269  -OlQlt  -OOm  -0122 


TABLE  C-8  (ContlnuBd) 
Residual  Correlation  Matrix  = 
(Decimal  points  osdtted) 


Test 

31 

1.  Llm 

O2U8 

2.  I£p-Vi 

-0051 

3.  PSyl-1 

-0092 

U*  Con-NV 

0037 

5.  NSp-Au 

0091 

6.  Ptd-U 

-0275 

7.  RSyl 

0370 

8.  Ideas 

0212 

9.  Map^ 

-02U5 

10.  MSp-Vl 

0096 

11.  Piet 

-0176 

12.  Para 

-0102 

13.  Nw 

-0159 

lU.  LSp-Au 

0191 

15.  DsgRp 

-0203 

16.  Con-Tb 

0230 

17.  RWd 

-009U 

18.  PVUB 

0599 

19.  Map-Vb 

0117 

20.  Map-Rc 

-0263 

21.  SenSp 

-026U 

22.  PSyl-2 

-OOUl 

23.  RFlg 

-0230 

2U.  Rel 

0006 

25.  SComp 

-0256 

26.  InsSp 

-0329 

27.  Ptd-R 

0051 

28.  ICornp 

-0001 

29.  MPrln 

02U9 

30.  RCon 

0290 

31.  CCoord 

32.  AReas 

-0165 

33.  RdComp 

-0200 

3I4.  Toe 

0005 

35.  DTRd 

-0078 

36.  SpMD-1 

-0009 

37.  CRd 

-01U8 

38.  DRTiae 

0276 

39.  SpsO-2 

0237 

UO.  NwOp 

02U3 

32  33  3k 

-0000  -0033  0366 
00U6  -0117  -0069 
0189  -0058  -0150 
0260  0085  -OOU 
-0217  0097  0191 

-03U9  OOlli  -0106 
-0111  0086  0023 
0026  -0183  -0300 
0238  -0161  0312 
0191  -onli  -0088 

-020U  -0081  0196 
-0071  -0016  0025 
0039  0292  -0199 
003li  0060  -0216 
-0532  -0012  0379 

0003  0053  -0080 
0385  02114  0277 
0102  -0201  0178 
0128  0090  0018 
-0321  00U3  -0131 

-0081  0063  018U 
-OOUl  0078  OIH4 

-0352  0016  0396 

0195  0232  -017U 

0061  0160  -0305 

-0025  OII47  0010 
00U9  0032  0271 
-0091  0081  -0133 
OU26  OI2I4  -0085 
-0133  OOOii  0212 

-0165  -0200  0005 
0151  -0018 
0151  0350 

-0018  0350 
0080  0058  -0016 

-0267  OU4I  0090 
-00li3  -0211  0102 
0137  -0063  0175 
0321  -0070  -00U3 
0869  -0209  0033 


35 

36 

37 

-OOU5 

-0358 

0083 

-0037 

-0226 

OOUl 

026U 

-0076 

-0222 

-0160 

0156  -0137 

OllU 

-0212 

038U 

0018 

-0105 

0098 

0061 

-0590 

OU55 

0021 

-0093 

0287 

-0099 

0188  -02U5 

-0207 

C296  -00U5 

0053 

-0351 

0081 

-0007 

0059 

0119 

-O2UO 

0621  -0150 

02U1 

-0103  -0116 

-0082 

-01U6 

0372 

0236 

0122  -0212 

00^ 

0097  -0332 

-0178 

0001 

0250 

0087 

0082  -006U 

0085 

-0253 

0U70 

-0095 

0263  -0295 

0108 

0131 

0001 

0132 

-0130 

027U 

0282 

-0255  -0021 

0085 

-0212 

0182 

-0039 

0258  -028U 

-O31U 

0235  -0319 

0195 

-0390 

0235 

-0385 

0280 

020U 

0255 

0092  -0232 

-0078 

-0009  -01U8 

0080 

-0267  -0OU3 

0058 

OlUl  -0211 

-0016 

0090 

0102 

0318 

0121 

0318 

-0206 

0121 

-0206 

-0097 

0323  -0281 

-035U 

0690  -0093 

0200 

-0051  -0078 

«1 


38  39  I4O 

-0329  -0053  OOI45 
0115  02U3  -0009 
-0123  0085  -0U5U 
0160  0271  -0100 
0399  -0327  0103 

0109  -0322  0331 
-0370  -0238  0050 
-O6I4I4  0052  -OOI46 
-02li9  OI47I  -0139 
-0282  011i7  0016 

-0133  -0181  0151 
0201  0225  0079 

O3O6  -0070  0201 
-0376  -0111  -0276 
OI483  -0127  O6H4 

0198  -0008  -0238 
0357  0171  -OU75 
0217  0166  0076 
-0509  0162  -0215 

-OI4OI  -0182  0236 

O21I4  0061  0177 
-0028  -0032  -0067 
O3I4O  -0310  0219 
-0129  -0053  -OI476 
-0036  -OU48  -01146 

-0051  -02U9  0063 
-0162  0286  0265 
0216  -01148  -OIOI4 

0258  0131  -OOUl 
-08U7  -0252  -0122 

0276  0237  02U3 
0137  0321  0869 
-0063  -0070  -0209 
0175  -OOU3  0033 
-0097  -035U  0200 

0323  0690  -0051 

-0281  -0093  -0078 

-0161  -OOUO 
-0161  r^033 

-OOUO  0033  " 


TAfiI£  C~9 

CoBpl*t«  Faotor  Matrix 
(Daciaal  polnta  oalttad) 


Taat 

Factor 
*1  ^1 

°i 

«1 

^1 

•*1 

*1 

4 

1.  Um 

70 

••06 

-09 

—06 

09 

01 

10 

35 

-06 

01 

-08 

67 

2.  XSp-Tl 

33 

ou 

08 

-10 

25 

59 

00 

-OU 

00 

-17 

07 

57 

3.  PSyl-l 

29 

OU 

>02 

-17 

OU 

23 

50 

-10 

-37 

09 

-05 

58 

U*  Con^lIV 

33 

09 

08 

-12 

-10 

05 

09 

22 

02 

06 

17 

23 

NSihAu 

2U 

lii 

-00 

06 

21 

69 

-01 

02 

01 

03 

10 

56 

6.  Pid-u 

27 

-10 

-06 

10 

06 

19 

59 

-OU 

09 

31 

12 

56 

7.  RS7I 

36 

.^2 

01 

-00 

-03 

01 

2U 

-21 

lU 

-06 

08 

26 

8.  Idaaa 

U8 

-13 

-02 

-07 

09 

OU 

08 

38 

08 

23 

n 

U8 

9.  Map-«p 

22 

21 

25 

-OU 

-13 

02 

30 

0? 

05 

-08 

21 

33 

10.  IBp-Yi 

27 

20 

-OU 

-06 

07 

62 

67 

03 

00 

-08 

02 

52 

11.  Plot 

31 

13 

10 

-05 

11 

10 

16 

08 

09 

-12 

2U 

26 

12;  Para 

55 

02 

-02 

-08 

-16 

-00 

08 

-20 

16 

05 

11 

U2 

13.  Vna 

16 

2U 

-03 

01 

-17 

18 

27 

-15 

03 

08 

32 

39 

m.  LSihAu 

38 

07 

09 

-09 

26 

62 

09 

-09 

03 

02 

-02 

61 

1$,  DagRp 

20 

15 

32 

39 

-28 

23 

lU 

20 

-09 

-12 

18 

53 

16.  Con-Vb 

Ul 

00 

-10 

-07 

07 

01 

26 

2U 

15 

-07 

-16 

36 

17.  HWd 

11 

15 

-09 

-13 

07 

11 

U6 

02 

33 

23 

•4)2 

U9 

18.  PNoi 

23 

07 

01 

-07 

-02 

20 

63 

-07 

02 

02 

-01 

50 

19.  Map-Tb 

11 

06 

12 

02 

-OU 

lU 

22 

09 

11 

-12 

06 

lU 

20.  MafNRc 

27 

10 

32 

17 

-25 

16 

22 

-05 

09 

-10 

28 

U5 

21.  SanSp 

50 

-05 

-01 

01 

-02 

3U 

-12 

07 

-OU 

19 

-21 

U7 

22.  FB]rl-2 

35 

07 

09 

-12 

-12 

29 

U6 

-07 

-lU 

-15 

02 

51 

23.  RFlg 

29 

-Oli 

lU 

17 

-17 

07 

28 

06 

21 

—06 

09 

30 

2U.  Rel 

30 

38 

10 

12 

-12 

08 

12 

10 

-08 

-02 

28 

38 

29.  SCoap 

UU 

03 

00 

-12 

-00 

-03 

U9 

25 

16 

-11 

-03 

56 

26.  liiaSp 

12 

07 

09 

-07 

-01 

32 

-03 

11 

-13 

-33 

-09 

28 

27.  PWd-R 

30 

05 

01 

-08 

OU 

07 

59 

05 

25 

-12 

-OU 

5U 

28.  ICoap 

28 

27 

39 

20 

09 

01 

05 

01 

-09 

-OU 

-03 

36 

29.  MPrin 

30, 

19 

23 

51 

16 

-OU 

-05 

OU 

07 

10 

-09 

U8 

30.  RCon 

-07 

OU 

10 

22 

55 

01 

-03 

— 08 

02 

-02 

-OU 

38 

31.  CCoord 

m 

26 

29 

19 

38 

02 

02 

OU 

-00 

-03 

20 

UO 

32.  AReaa 

5U 

UU 

-10 

37 

-03 

03 

-01 

-01 

OU 

-00 

-08 

6U 

33*  RdCoap 

7U 

11 

07 

25 

03 

-OU 

-09 

-07 

-05 

-03 

-02 

6U 

3U.  Voc 

80 

-07 

09 

-11 

OU 

03 

-10 

-05 

-16 

00 

00 

70 

39.  DlRd 

29 

65 

27 

-12 

03 

-01 

-01 

-01 

01 

05 

03 

60 

36.  SpaO-1 

17 

29 

56 

-23 

02 

OU 

-01 

07 

-03 

-01 

06 

U9 

37.  CRd 

2U 

60 

36 

-03 

-06 

-02 

-02 

-01 

08 

07 

-12 

58 

38.  ERTina 

25 

3U 

21 

-08 

25 

-01 

09 

00 

03 

01 

20 

3U 

39.  SpaO-2 

28 

27 

U8 

17 

-08 

-01 

-01 

••06 

02 

-08 

07 

U3 

UO.  NtnOp 

35 

6U 

-17 

-25 

-00 

-01 

02 

02 

-05 

-OU 

0«J 

63 

TABLE  C-10 
Factor  Matrix  F^ 
(Daelaal  points  onltted) 


Tast  Factor 


^2 

^2 

^2 

®2 

^2 

02 

»2 

^2 

*^2 

«^2 

h2 

1. 

lia 

6U 

-36 

-07 

-00 

03 

-25 

-13 

20 

-08 

-03 

-00 

68 

2. 

LSp-?l 

U7 

-05 

OU 

-13 

35 

39 

-15 

-05 

09 

-11 

-OU 

56 

3. 

PSyl-1 

U3 

-15 

-08 

-23 

00 

19 

23 

-17 

•U2 

10 

06 

58 

U. 

Con-NV 

36 

-01 

05 

-12 

-10 

-06 

-07 

17 

03 

07 

16 

23 

5. 

NSp-Au 

U2 

03 

-08 

02 

38 

UU 

-11 

05 

06 

OU 

05 

55 

6. 

Pffd-U 

la 

-2li 

-09 

-OU 

03 

12 

U7 

-08 

01 

27 

08 

56 

7. 

RSyl 

37 

-10 

00 

01 

-13 

01 

15 

-22 

09 

-U 

-03 

26 

8. 

Idaaa 

U6 

-29 

01 

-02 

03 

-17 

-02 

33 

09 

23 

09 

50 

9. 

Ilap.^p 

39 

18 

18 

-16 

-20 

05 

19 

OU 

05 

00 

11 

3U 

10. 

HSp-Vl 

U6 

Oil 

-15 

-13 

25 

UU 

-10 

08 

o 

vn 

-OU 

-02 

53 

U. 

Plot 

U3 

05 

06 

-07 

-00 

OU 

05 

05 

03 

-08 

-19 

25 

12. 

Para 

U9 

-11 

-10 

-OU 

-15 

-13 

-OU 

-26 

19 

01 

07 

Ui 

13. 

Urn 

32 

18 

-10 

-08 

-20 

23 

16 

-11 

OU 

05 

23 

3U 

Hi. 

ISp-Au 

52 

-07 

-02 

-01 

35 

U3 

-10 

-08 

07 

05 

05 

61 

15. 

Os^p 

39 

20 

28 

13 

-26 

27 

02 

19 

-10 

-01 

-02 

U7 

16. 

Con>Vb 

U3 

-21 

-10 

-07 

02 

-15 

12 

21 

OU 

-10 

-13 

35 

17. 

RWd 

29 

-02 

-18 

-12 

-00 

07 

liU 

01 

26 

18 

10 

U3 

16. 

PRui 

uu 

-09 

-05 

-21 

-09 

19 

iiU 

-08 

-0$ 

05 

U 

50 

15. 

Map^ 

2ii 

03 

08 

-07 

-07 

13 

15 

08 

OU 

-u 

-00 

13 

20. 

Map-Rc 

U2 

13 

27 

-01 

-21 

16 

11 

-05 

10 

-05 

-lU 

38 

21. 

SanSp 

U7 

-23 

-05 

07 

13 

11 

-30 

-02 

-00 

22 

lU 

U7 

22. 

PSyl-2 

53 

-06 

-01 

-26 

-09 

25 

20 

-10 

-21 

-09 

-09 

53 

23. 

RFlg 

39 

-09 

19 

03 

-20 

OU 

18 

05 

13 

-07 

-00 

30 

2U. 

Ral 

U5 

28 

03 

11 

-22 

12 

01 

08 

-07 

03 

21 

Ul 

25. 

SCoap 

53 

-18 

-07 

-15 

-06 

-13 

36 

20 

01 

-16 

-07 

56 

26. 

InsSp 

20 

03 

02 

-12 

07 

27 

-20 

12 

-12 

-27 

-10 

29 

27. 

Ptd-R 

U7 

-12 

-05 

-18 

-07 

01 

U5 

02 

12 

-17 

-07 

53 

28. 

ICoap 

39 

29 

25 

15 

09 

-07 

01 

-01 

-12 

-OU 

-09 

36 

29. 

mrln 

33 

18 

2U 

52 

13 

-10 

OU 

03 

-00 

08 

15 

53 

30. 

RCon 

-02 

11 

13 

25 

U7 

-03 

15 

-06 

-00 

-07 

-03 

35 

31. 

CCoord 

28 

33 

20 

lU 

37 

-10 

13 

02 

-OU 

-05 

-20 

U5 

32. 

ARaas 

58 

25 

-27 

U2 

-08 

-08 

-07 

-00 

-02 

-OU 

-11 

68 

33. 

RdCoap 

65 

-05 

06 

3U 

-OU 

-18 

-22 

-16 

-03 

-05 

-01 

66 

3U. 

VC3 

66 

-2U 

02 

-01 

OU 

-22 

-33 

-18 

-09 

-03 

-03 

70 

35. 

DlRd 

li6 

59 

-08 

-lU 

05 

-17 

-07 

-02 

-02 

06 

05 

63 

36. 

SpaO-1 

32 

UO 

32 

-33 

06 

-10 

-r 

01 

01 

08 

07 

51 

37. 

CRd 

UO 

55 

06 

-01 

-07 

-12 

-OY 

00 

09 

10 

21 

55 

38. 

BRTlae 

38 

32 

OU 

-08 

16 

-11 

08 

-02 

02 

06 

15 

32 

39. 

SpaO>2 

38 

36 

38 

06 

-11 

-06 

-07 

-06 

OU 

-01 

— 06 

U5 

liO. 

NuaOp 

U5 

UO 

-U6 

-11 

-05 

-13 

-U 

02 

-OU 

-07 

-05 

63 

Teat 


1*  Lis 
2.  LSp-Vi 
3:  PS7I-I 
U*  Con-NV 
NSp-Au 

6.  Pid-U 

7.  RSyl 

8.  Idaaa 
9*  Map>Rp 

10.  MSp-Vi 

11.  Piet 
. 12.  Para 

13.  Sm 
lit;  LSp^u 
15«  Ds|^ 

16;  Con-Vb 

17.  RWd 

18.  PNia 

19.  Hap^Vb 

20.  Hap-Re 

21.  SenSp 

22.  PS7I-2 

23.  RPig 
2U.  R«1 

25.  SCosp 

26.  InaSp 

27.  Pid-R 

28.  ICosp 

29.  UPrin 

30.  RCon 

31.  COoord 

32.  AReaa 

33.  RdCosp 
3lt.  Voc 

35.  DTRd 

36.  SpaO-1 

37.  CRd 

38.  DRTise 

39.  SpaO-2 
itO.  NusOp 


TABLE  C-11 


Factor  Matrix 

Final  Unrotated  Orthogonal  Factor  Matrix 
(Decimal  pointa  omitted) 

Factor 

A3  B3  C3  D3  E3  F3  G3  H3  I3  J3  K3 


587  -380  003  I81t  -033  -326  -I60  179  -O98  -03U  -105  709 

U8U  -089  015  -087  kll  203  -163  -033  120  -106  -130  589 

U51  -238  -096  -251t  037  106  095  -215  -lt30  137  -Ht6  628 

359  -019  Olilt  -08U  -090  -121  -136  155  06lt  091  lOlt  227 

ltlt3  -030  -097  0U2  U83  299  -063  082  07O  0U8  II8  563 


U2U  -335  -0lt2  -100  -030  lU  ItU  -09lt 

369  -135  029  -012  -I61t  0U5  09c  -221 

U23  -315  077  08it  -015  -263  -031i  306 

U29  153  133  -257  -191  039  082  OliU 

U86  -050  -18U  -lt'2  377  295  -129  111 


019  26k  162  591 
081  -11*7  -211*  316 
102  21*6  -173  555 
062  016  002  31*2 
070  -037  -008  51*8 


1*39  022  051*  -0B2  001  -006  000  01*9 

1*62  -139  -080  052  -189  -105  -081*  -258 

361  106  -131  -171  -171  275  07I  -O9O 

53lt  -129  -038  019  1*73  267  -075  -066 

U19  208  275  -021  -170  302  -067  190 


030  -080  -162  239 
231  -012  176  1*1*6 
077  067  175  31*7 
086  035  -125  632 

-102  032  232  521 


1*11  -266  -059  013  -01*6  -200  086  189  -020  -109  -Ol*2  3l*2 

319  -131*  -191  -182  -055  028  1*02  027  231  H*9  -177  1*62 

1*75  -198  -051*  -309  -090  137  307  -088  -073  01*3  079  505 

263  -002  082  -li*3  -01*1  099  092  103  037  -122  180  175 

1*1*3  127  21*1*  -121  -168  17I*  021  -030  IO6  -035  -177  391 


1*36  -21*1  -015  206 
559  -156  -017  -320 
396  -101  230  -037 
1*75  259  003  028 
531*  -267  -038  -11*6 

211  008  002  -UO 
1*96  -221  -037  -21*5 
1*00  320  210  128 
321*  21*6  273  1*98 
-008  11*1  131  226 

305  351  172  122 

571  206  -21*6  1*89 
601*  -Oil*  113  1*56 
606  -221  058  198 
1*88  5U5  -220  -060 

351  U25  183  -310 
1*27  527  -057  010 
l*0l*  288  -038  -053 
1*05  I*ll*  311  010 
1*62  293  -5U8  003 


182  029  -291*  -029 
-036  185  021  -111* 
-223  081  095  057 
-191*  171  -038  105 
-156  -169  251  193 

191  171  -260  139 

-127  -029  31*1  021 
059  -051*  01*8  -027 
01*3  -009  191  033 
383  -01*3  301*  -068 

293  -121  251*  021 

-163  062  010  037 
-102  -101  -169  -178 
015  -271  -351*  -237 
OU*  -208  -01*6  -026 

107  -21*5  -11*1*  -021* 
-081  -118  -033  on 
109  -158  109  -01*1 
-099  -01*1  -075  -077 
-086  -u*i  -n9  036 


020  227  091*  1*73 
-222  -058  -079  5U8 
105  -051*  130  321 
-076  052  -099  391 
-01*7  -177  n9  580 

-11*5  -21*3  01*1*  292 
068  -202  001*  536 
-150  -028  -137  371* 
-027  090  -122  550 
-032  -102  138  361* 

-01*6  -055  072  1*36 
-038  -056  130  721 
-029  -070  066  677 
-01*3  -026  11*2  737 
-026  061*  007  639 

029  100  21*5  597 
061*  085  -109  509 
025  01*5  093  312 
051*  -009  -221  507 
-038  -081  -091*  659 


TAULK  C-12 


Final  Residual  Correlation  Matrix 
(Decimal  points  omitted) 


Test  123U5  6789  10 


1.  Ida  -012U  -0250  0109  -005? 

2.  LSp-Vl  -012U  -0151  0523  -013? 

3.  PSyl-1  -0250  -0151  -0101  0213 

U.  Con-NV  0109  0523  -0101  -0327 

5.  MSp-Au  -0057  -0137  0213  -0327 


0126  OOUO  0023  -Oliil  0166 
0307  -01*60  -0263  0193  0022 
0173  -021*5  -0106  0129  0297 

051*0  0031  0077  0399  011*2 

-0162  0302  0265  -OO96  -0180 


6.  P»d-U  0128  0307  0173  051*0  -0162 

7.  RSyl  001*0  -01*60  -021*5  0031  0302 

8.  Ideas  0023  -0263  -0106  0077  0265 

9.  Map-Rp  -011*1  0193  0129  0399  -0096 

10.  MSp-Vl  0166  0022  0297  011*2  -0180 


0289  0121  0035  AX)6 

0289  -0352  -0330  -001*5 

0121  -0352  0379  0161 

0035  -0330  0379  0101* 

0006  -001*5  0161  OlOi* 


U.  Plct  -0395  -0071*  -0181  021*5  0297 

12.  Para  0162  0298  0333  -0268  -021*8 

13.  Ni*  0132  -0091  0229  0025  -0173 

11*.  LSp-Au  0253  -0391  -O3O6  -01*05  0370 

15.  Ds^p  0180  0292  0263  -0383  -0356 


Oi*ll*  -0188  001*9  -OlOl*  -0199 

-0100  0162  031*1  0203  0095 
-051*0  0372  0579  -0039  -0106 
021*2  -001*3  -0338  001*0  -0058 
-0622  0528  0097  0002  -0267 


16.  Con-Vb  -01*51*  -0063  001*2  -0138  -0026 

17.  Rid  -0259  -0366  -0681  -0332  -0087 

18;  fUm  0238  0257  -0089  -0060  -0172 

19.  Map-Vb  0255  -0105  01*71*  -0109  0012 

20.  Map-Re  0177  0187  -0129  0031  0295 


-0231*  -0123  -0319  -021*9  -0267 
0306  -01*70  -0501  0109  0283 
-0151*  -0051  -0172  0115  -031*5 
-081*0  0859  0595  OUl*  0573 
01*98  -0279  OUl*  -0132  -0095 


21.  SenSp  -0289  0273  0252  -0016  -0325 

22.  P67I-2  -011*3  -0120  -0075  -0181  -0103 

23.  RFig  -0006  0086  01i*l*  01i*3  0035 

21*.  Rel  -0091*  -0206  -O387  0506  0289 

25.  SComp  0390  -0086  0392  -051*2  0278 


-01*85  0297  0090  -0816  -03U 
-02la  -0U5  -0006  -0008  0031* 
-01*21  0979  -0000  0125  -0539 
0856  -0175  -0131  -0201  0019 

0025  0151  0166  -0353  -0208 


26.  InaSp  -0197  0029  -031*7  -0067  -0135 

27.  Pid-R  -0335  0058  0028  0036  -0236 

28.  IComp  0190  -021*1*  -0329  -001*8  0U8 

29.  MPrin  -0239  -0228  -0065  -01*58  0016 

30.  RCon  -0120  031*1*  0235  0270  -01*12 


0185  -0383  -0319  0079  0078 
-0032  -0373  -0122  -02U*  03U* 
0661*  -0018  -0506  -0257  -OUl* 
0001*  -0890  -0169  0171  0201 

-0021*  0223  0221*  0192  -0017 


31.  CCoord  0378  0086  -0056  0199  -0021* 

32.  AReas  0069  0321*  0367  OIO7  -Ol*l*2 

33.  RdCoap  -01i*6  -0093  -0078  001*1*  0028 

31*.  Voc  021*3  0031*  001*8  -0089  0050 

35.  DTRd  -0026  -0067  0223  -0201  -0015 


-0313  0660  0635  -OOli*  -0023 

-01*78  0025  0153  031*1  0297 

0065  0052  0076  -0102  001*1* 

-0281  0279  0177  0396  -0036 

-0175  0232  -C006  -0029  -0253 


36.  SpaO-1  0021  -0055  0360  -0296  -0537 

37.  CRd  -0018  -0230  -0121  -0330  0372 

38.  IHTlme  -001*5  Ol*10  -0013  0231  O3OI 

39.  SpaO-2  -0313  -0170  -0191*  0239  0052 

1*0.  NumOp  OOU*  0029  -02l*9  0206  0059 


-0526  0123  0280  -0019  0259 

001*2  0188  -0321*  -01*80  0082 

-0171  0033  -0192  -0105  -01*21* 

0257  -0752  -01*73  0175  0310 

0261*  -011*1*  -0038  0186  .^128 


TASI£  G-12  (Coiitlau»d) 


T»st 

1.  Ida 

2.  £Sp^l 

3.  PSyl-1 
U*  Coo-M? 
5.  NSp-Au 


6.  FN-U 

7.  RSyl 

8.  Ideas 

9.  Map>Rp 

10.  NSp-Vl 

11.  Plot 

12.  Para 

13.  Nos 
lU.  LSiHitt 

15.  DsgRp 

16.  Coa-Vb 

17.  Rid 

18.  t%m 

19.  Map-?b 

20.  Map-Re 

21.  SanSp 

22.  FSyl-2 

23.  RFig 
2U.  Ral 

25.  SCoap 

26.  InaSp 

27.  Pfd-R 

28.  ICoap 

29.  MPrin 

30.  RCon 

31.  CCoord 

32.  ARaas 

33.  RdCoap 
3U.  Voc 

35.  OTRd 

36.  SpaO-1 

37.  CRd 

38.  ERTlas 

39.  SpaO-2 
UO.  NiaOp 


Final  Rasldual  Corralati«i  Matrix 
(Dsclaal  points  caittod) 


11  12  13  15 

-0395  0162  0132  0253  0180 

-007U  0298  -0091  -0391  0292 

-0181  0333  0229  -0306  0263 

02U5  -0268  0025  -0UC5  -0383 

0297  -02U8  -0173  0370  -0356 

OUlii  -0100  -05U0  02li2  -0622 

-0188  0162  0372  -00li3  0528 

00U9  03U1  0579  -0338  0097 

-OlOh  0203  -0039  OOliO  0002 

-0199  0095  -0106  -0058  -0267 

0351  0876  -0588  0U56 
0351  0055  0156  -OU97 

0876  0055  0108  0021 

-0588  0156  0108  0Ul6 

OU56  -Oli97  0021  0U16 

-0153  0369  -OU29  -0053  0361 
-0536  0071  0225  -0U06  0936 

-0415  -0319  -OiOli  0182  -0327 
-072U  -0U02  0017  00U8  -0668 
011*2  0171*  0357  -0133  -0206 

0238  -0368  -0002  001*8  0005 
-021*9  0026  -0136  -0157  0189 
071*9  -0572  -0870  0338  -0109 
0066  01*21  0639  -0287  0167 

0088  -011*2  -0113  01*86  -0221 

0172  0106  -0266  -0108  -0006 
-0039  -0055  0172  -0139  -0119 
-0006  -001*8  -0055  -0080  01*03 
-0389  01*91*  -011*1*  -0311  01*19 
0327  -0221  0271  -0070  -0392 

01*99  -0122  021*1*  Olia  -0080 
-0231  -0373  -01*1*8  0158  -071*6 
-011*0  ^181  0181*  0050  -0191 
0287  -0301  -0256  0019  -OOOl* 
0031*  -0122  -01*22  0(*20  -0193 

-0050  -01*61*  -0121*  01*05  -0693 
-0523  0085  -0585  -0015  0259 
0596  -0029  0315  -0181  0083 
-0801*  0617  0010  -0327  01*55 
0161  0065  031*7  -021*2  0370 


16  17  18  19  20 

-01*51*  -0259  0238  0255  0177 

-0063  -0366  0257  -0105  0187 

001*2  -0681  -0089  01*71*  -0129 

-0138  -0332  -0060  -0109  0031 

-0026  -0087  -0172  0012  0295 

-0231*  0306  -0151*  -081*0  01*98 

-0123  -01*70  -0051  0859  -0279 

-0319  -0501  -0172  0595  OUl* 

-021*9  0109  0115  0111*  -0132 
-0267  0283  -03U5  0573  -0095 

-0153  -0536  -01*15  -0721*  0U*2 
0369  0071  -0319  -01*02  017U 
-01,29  0225  -01(11*  0017  0357 
-0053  -01*06  0182  001*8  -0133 
0361  0936  -0327  -0668  -0206 

0321  -0228  01*83  -0398 

0321  0260  0067  -0728 

-0228  0260  -0007  -001*1* 
01*83  0067  -0007  0561* 

-0398  -0726  -001*1*  0561* 

0651  01*1*9  0301  -0136  -01*1*6 
01*57  01*06  0278  0122  -0168 
-0131  0325  0181*  -01*82  -001*3 
0113  -0792  -0502  01*16  0152 
0063  0063  -0128  -0232  0350 

0021  0327  0333  -0563  -0313 
0125  -0087  0066  -0021*  -0261* 
-0258  -0190  -0051  0022  -0183 
0100  -0222  01(91*  -0061*  -0203 
001*9  0351  -0721*  0239  0100 

-011*5  -021*9  0353  -cool*  0111 
OUO  01*89  0137  -0080  0090 
0076  0251*  -0280  -0070  0138 
-0201  01*60  -0053  -0303  0022 
. 0219  0268  -0235  0162  0183 

0281*  0626  -0271*  -0231  0181* 
0007  -0202  01*65  0172  0002 
0120  0385  -0072  -0633  -0229 
-0076  -0339  0303  0557  -01*1*5 
-0331*  -01*66  0228  -011*8  -0096 


TABLE  C-ia  (Contimwd) 


Final  Residual  Correlation  Vatriac  R^ 
{Deetnal  points  osdttad) 


Test  21  22  23  2k  25  26  27  28  29  30 


1.  Uit  -0289  -OH43  -0006  -009k  0390 

2.  LSp-91  0273  -0120  OO86  -0206  -0086 

3.  FSyl-1  0252  -0075  OHik  -0387  0392 

k.  Con-MV  -0016  -0181  01U3  0508  -05k2 

5.  HSihAu  -0325  -0103  0035  0289  0278 


-0197  -0335  0190  -0239  -0120 
0029  0058  -02kk  -0228  03kk 
^3k7  0028  -0329  -0065  0235 
-0067  0036  -00k8  -Ok58  0270 
-0135  -0236  0U8  0016  -Okl2 


6.  Pid-u  -0b85  -02ki  ^2i  0856  0025 

7.  RSyl  0297  ^U5  0979  -0175  0151 

8.  Ideas  0090  -0006  ^0000  -0131  0166 

9.  lap-Rp  -0616  ^0006  0125  -0201  -0353 

10.  NSp-7i  -03n  003k  -0539  0019  -0208 


0185  -0032  066k  000k  -00^ 
-0383  -0373  -0018  -0890  0223 
-0319  -0122  -05O6  -0169  022k 

0079  -021k  -0257  0171  0192 

0078  031k  -OUk  0201  -0017 


11.  Plot  0238  -02k9  07k9  0066  0088 

12.  Para  -0368  0026  -0572  0k21  -01k2 

13.  Nxis  -0002  -0136  -O87O  0639  -0113 

Ik.  LSp-Au  0Qk8  -0157  0338  -0287  0kB6 

15.  DsgRp  0005  0189  -0109  0167  -0221 


0172  -0039  -0006  -0389  0327 
0106  -0055  0k9k  -0221 
-0266  0172  -0055  -Olkk  0271 
-0108  -0139  -0080  -0311  -0070 
-0006  -0119  0k03  0kl9  -0392 


16.  Con-Vb  0651  Ok57  -0131  0113  0063 

17.  Rid  0kk9  0k06  0325  -0792  0063 

18.  mm  0301  0278  Ol8k  -0502  -0128 

19.  Hap-Vb  -0136  0122  -0k82  Okl6  -0232 

20.  Map-Ro  -0kk6  -0166  -0Qk3  0152  0350 


0021  0125  -0258  0100  0Qk9 

0327  -0087  -0190  -0222  0351 
0333  0066  -0051  Ok9k  -072k 
-0563  -002k  0022  -006k  0239 
-0313  -026k  -0163  -0203  0100 


21.  SenSp  0108  0326  -0219  -0530 

22.  PSyI-2  0106  -0009  -0117  -Ok28 

23.  RFlg  0326  -0009  019k  -0297 

2k.  Rel  -0219  -0117  019k  -001k 

25.  SCosip  -0530  -0k28  -0297  -001k 


OlkB  0375  0396  0352  0059 

02k0  0006  -0290  013k  0202 

008k  0057  0203  02k5  -0157 

-0206  -0262  -0282  -0838  03kk 

02kk  0110  0265  0052  -0129 


26.  InsSp  01k6  02k0  008k  -0206  02kk 

27.  PIW-R  0375  0006  0057  -0262  0110 

28.  ICoBip  0396  -0290  0203  -0262  0265 

29.  MPrin  0352  013k  02k5  -0838  0052 

30.  RCon  0059  0202  -0157  03kk  -0129 


-0U2  0382  0353  -0055 

-0112  0213  0336  -0103 

0382  0213  -0536  0123 

0353  0336  -0536  0211 

-0055  -0103  0123  0211 


31.  CCoord  -0567  -0062  -O309  0638  -0727 

32.  AReas  -0028  0192  -0315  -0096  -0238 

33.  RdCoDp  -0180  OUk  -030k  0180  0196 

3k.  Voc  -02k0  0136  -0159  0191  -03k6 

35.  MRd  001k  0027  02k5  0375  0136 


-0k72  -02U  -027k  -0236  -OOkO 
0020  0136  0109  06kk  -0301 
0163  -0033  0107  00k9  -007k 
-00k2  -0018  -0021  001k  0022 
-0031  -0275  0257  -022k  02kl 


36.  SpaO-1  0155  0326  -0515  0003  -0087 

37.  CRd  0261  0059  0288  -059k  0569 

38.  DRTime  -0282  -OIO6  0119  0357  -0116 

39.  SpaO-2  0k02  -0109-0160  -0552  0350 

kO.  HimOp  0165  -015k  0239  -0312  -0127 


026k  0326  0092  0687  -02k8 

-0001  -0051  0387  0181  -0089 

-0U8  -0221  0237  0125  -0668 

-0051  0320  -0316  -0108  0017 

-0008  01k2  -03k7  -01k3  OI6O 


TABLE  C-12  (Continued) 

Final  Realdual  Correlation  Matrix 
c.  (Decimal  points  omitted) 

Test  31  32  33  3U  3?  36  37  38  39  UO 

1.  Urn  0378  0069  -011*6  021*3  -0026  0021  -0018  -001*5  -0313  OOli* 

2.  LSp-Vl  0086  0321*  -0093  0031*  -0067  -0055  -0230  01*10  -0170  0029 

3.  PSyl-1  -0056  0367  -0078  001*8  0223  0360  -0121  -0013  -0191*  -02l*9 

1*.  Con-»V  0199  0107  001*1*  -0089  -0201  -0296  -0330  0231  0239  0206 

5.  NSp-Au  -0021*  -01*1*2  0028  0050  -0015  -0537  0372  0301  0052  0059 

6.  TTTd-U  -0313  -01*78  0065  -0281  -0175  -0526  001*2  -01?1  0257  0261* 

7.  RSyl  0660  0025  0052  0279  0232  0123  0188  0033  -0752  -011*1* 

8.  Ideas  0635  0153  0076  0177  -0006  0280  -0321*  -0192  -01*73  -0038 

9.  Map-Rp  -0011*  03U1  -0102  0396  -0029  -0019  -0l*80  -0105  0175  0186 

10.  SSp-Vl  -0023  0297  001*1*  -0036  -0253  0259  0082  -Ol*2l*  0310  -0128 

U.  Piet  01*99  -0231  -011*0  0287  0031*  -0050  -0523  0596  -0801*  0161 

12.  Para  -0122  -0373  -0181  -0301  -0122  -01*61*  0085  -0029  0617  0065 

13.  N«a  021*1*  -01*1*8  0181*  -0258  -01*22  -0121*  -0585  0315  0010  03l*7 

11*.  L5p-Au  011*1  0158  0050  0019  01*20  01*05  -0015  -0181  -0327  -021*2 

15.  DagRp  -0080  -071*6  -0191  -0001*  -0193  -0693  0259  0083  01*55  0370 

16.  Con-9b  -011*5  0110  0076  -0201  0219  0201*  0007  0120  -0076  -0331* 

17.  Rid  -021*9  01*89  0251*  01*60  0268  0626  -0202  0385  -0339  -01*66 

10.  PMum  0353  0137  -0280  -0053  -0235  -0271*  01*65  -0072  0303  0228 

19.  Map-?b  -0001*  -0080  -0070  -0303  0162  -0231  0172  -0633  0557  -0H*8 

20.  Map-Rc  0111  0090  0138  0022  0183  0181*  0002  -022?  -01*1*5  -0096 

21.  SenSp  -0567  -0028  -0180  -021*0  OOll*  0155  0261  -0282  01*02  0165 

22.  FSyl-2  -0062  0192  OUl*  0136  0027  0326  0059  -0106  -0109  -0151* 

23.  RFig  -0309  -0315  -0301*  -0159  021*5  -0515  0288  0119  -0160  0239 

21*.  Rel  0638  -0096  0180  0191  0375  0003  -0591*  0357  -0552  -0312 

?5.  SComp  -0727  -0238  0198  -031*6  0136  -0087  0569  -0116  0350  -0127 

26.  InsSp  -01*72  0G2O  0163  -00l*2  -0031  0261*  -0001  -0U8  -0051  -0008 

27.  PWd-R  -0211  0136  -0033  -0018  -0275  0326  -0051  -0221  0320  011*2 

28.  IComp  -0271*  0109  0107  -0021  0257  0092  0387  0237  -0316  -031*7 

29.  MPrin  -0236  061*1*  001*9  OOll*  -0221*  0687  0181  0125  -0108  -01l*3 

30.  RCon  -001*0  -0301  -0071*  0022  02Ul  -021*8  -0089  -0668  0017  0160 

31.  CCoord  -0332  -015U  -0006  -0359  -01*73  -01*70  01*20  0285  Ol*19 

32.  AReas  -0332  -0076  -0267  -0161  -0323  0031  -0261  0891*  0179 

33.  RdComp  -015U  -0076  001*3  0156  0115  -0238  -OOll*  0035  -01?6 

3l*.  Voc  -0006  -0207  00l*3  -0187  -0381*  001*1  0156  0108  0220 

35.  DTRd  -0359  -0161  0156  -0187  -0039  0369  -0375  -031*1*  -011*3 

36.  SpaO-1  -01*73  -0323  0115  -0381*  -0039  0161*  -011*6  09l*l  0100 

37.  CRd  -01*70  0031  -0238  001*1  0369  0161*  -0510  -0337  -0211 

38.  DRTime  01*28  -0261  -OOll*  0156  -0375  -011*6  -0510  -0139  0131 

39.  SpaO-2  0285  0891*  0035  0108  -031*1*  09l*l  -0337  -0139  -021*0 

' 1*0.  NumOp  01*19  0179  -0176  0220  -011*3  0100  -0211  0131  -021*0 


TABLE  C-13 

Oblique  Tranefomatlon  Matrix  A 
(Decimal  points  onltted) 


Factor 


A 

B 

C 

D 

E 

*3 

22 

18 

26 

30 

25 

®3 

-27 

U3 

67 

-21 

-33 

=3 

02 

GO 

1 

17 

-22 

11 

”3 

32 

23 

-U6 

-30 

-17 

*3 

-12 

-U 

01 

09 

-11 

"3 

r*17 

05 

-39 

35 

-3U 

“3 

-29 

-02 

-06 

53 

Hi 

«3 

-60 

20 

09 

-33 

5U 

^3 

25 

-12 

11 

19 

00 

•>3 

13 

-01 

2U 

U1 

-56 

U6 

-01 

07 

03 

-18 

F 

G 

R 

I 

J 

K 

20 

08 

10 

25 

13 

20 

-07 

-01* 

-18 

28 

19 

02 

-01* 

02 

01 

51 

11* 

06 

-H* 

-17 

11 

28 

63 

03 

73 

oi* 

09 

-1*1* 

33 

-28 

1*0 

05 

-21 

U7 

-08 

56 

-31* 

-07 

-05 

01 

57 

01* 

10 

-25 

53 

02 

-03 

U8 

13 

-91 

-02 

03 

-27 

-19 

-27 

15 

76 

-11 

-01* 

21 

-16 

-19 

-17 

-33 

12 

51 

4 


TABLE  C.m 

Rotated  Oblique  Factor  Matrix  ? 
(Decimal  points  omitted) 


Test 

Factor 

A 

B 

C 

D 

E 

F 

0 

H 

I 

1. 

Lia 

19 

02 

-06 

-10 

U8 

06 

09 

32 

01 

2: 

LSp-n 

03 

-OU 

02 

20 

09 

66 

01 

-01 

02 

3. 

PSyl-1 

00 

01 

-03 

Ul 

03 

09 

58 

06 

-02 

U* 

Con41V 

11 

03 

23 

01 

16 

-00 

-06 

19 

03 

5. 

KSihAu 

05 

12 

-01 

27 

—06 

57 

-03 

10 

-05 

6. 

PWd-U 

19 

-08 

-08 

6U 

02 

-10 

05 

17 

-05 

7. 

RSyl 

13 

-05 

-07 

21 

16 

01 

03 

-16 

2U 

8. 

Ideas 

06 

-06 

06 

05 

35 

-01 

-08 

5U 

00 

9. 

M«p-Rp 

-OU 

-OC 

35 

19 

15 

-OU 

-00 

-01 

25 

10. 

M5p-Vl 

-03 

18 

01 

26 

06 

59 

-00 

05 

-03 

11. 

Piet 

-OU 

03 

IS 

09 

22 

15 

03 

02 

18 

12. 

Para 

51 

OU 

05 

20 

02 

-07 

-16 

-10 

03 

13. 

lha 

U 

18 

lU 

36 

-11 

01 

-02 

-11 

15 

lit. 

ISp-Au 

09 

02 

-05 

33 

-02 

61 

05 

08 

OU 

15. 

OagRp 

>00 

02 

22 

02 

02 

OU 

05 

02 

U3 

16. 

Con-?b 

03 

05 

-03 

05 

UU 

01 

-02 

15 

-OU 

17. 

Bid 

-09 

09 

06 

53 

15 

-OU 

-13 

16 

-02 

18. 

Plha 

03 

-03 

05 

53 

15 

-00 

16 

-03 

02 

19. 

Map-7b 

-01 

-03 

10 

11 

18 

07 

-07 

-09 

09 

20. 

Map-Rc 

-03 

-08 

21 

16 

11 

08 

-00 

-06 

U6 

21. 

SenSp 

38 

01 

-08 

10 

-08 

2U 

OU 

28 

-03 

22. 

PSyl-2 

-00 

-01 

06 

3U 

17 

20 

35 

-08 

12 

23. 

RFig 

2h 

-lU 

06 

lU 

21 

-07 

-11 

-02 

28 

2U. 

Rel 

-07 

26 

22 

07 

03 

01 

10 

07 

39 

25. 

SCo^> 

02 

03 

05 

19 

53 

—08 

-01 

OU 

-03 

26. 

InsSp 

-10 

05 

00 

-lU 

16 

Ul 

12 

-11 

03 

27. 

FIM-R 

-01 

-03 

OU 

36 

U3 

-00 

-OU 

-10 

OU 

28. 

IComp 

-05 

07 

28 

“06 

OU 

OU 

16 

00 

32 

29. 

MPrln 

OU 

06 

07 

-OU 

-OU 

-08 

-02 

15 

UU 

30. 

RCon 

-01 

-06 

-01 

03 

-06 

11 

-05 

-11 

-05 

31. 

CCoord 

-07 

06 

31 

03 

03 

09 

-00 

-02 

09 

32. 

AReee 

25 

5U 

-01 

01 

-01 

-06 

-06 

-00 

28 

33. 

RdComp 

U8 

09 

-03 

-09 

OU 

-02 

02 

-02 

31 

3U. 

Voc 

60 

-OU 

03 

-06 

10 

08 

10 

03 

-01 

35. 

DTSd 

00 

U7 

58 

03 

-06 

-01 

05 

02 

03 

36. 

SpeO-1 

08 

-01 

70 

-02 

-OU 

OU 

02 

02 

-OU 

37. 

CRd 

-OU 

35 

52 

00 

-05 

-OU 

-02 

06 

2U 

38. 

BRTiae 

06 

18 

39 

3U 

00 

02 

-01 

02 

-01 

39. 

SpeO-2 

-02 

-01 

U3 

-07 

01 

01 

03 

-OU 

U8 

UO. 

MwOp 

-00 

67 

26 

02 

08 

05 

OU 

-01 

-07 

Assail  sssKS  ssgfes  kkkks  ste'kkk  k^kke 

kii88»  kkssk  kskse^  sssscts  iseggs  asg§8  Kssfcs  gKsitfe 


// 


TABLE  C-35 

Co«liM8  of  Angloi  Botiwon  Roforonoo  Voeiorst  Matrix  A*  A 
(OaelMl  pointa  calttad) 


A 

B 

C 

D 

E 

Factor 

F 

0 

R 

I 

J 

K 

A 

1.00 

-16 

-15 

11 

-36 

-18 

-16 

-16 

-12 

-01 

-10 

B 

-16 

1.00 

07 

-02 

-12 

-QU 

00 

OU 

-U 

11 

17 

C 

-15 

07 

1.00 

-Oli 

-03 

-12 

-OU 

16 

-02 

-lU 

-05 

D 

11 

-Ot 

-Olt 

1.00 

-30 

03 

03 

07 

-11 

03 

13 

E 

-36 

-12 

-03 

-30 

1.00 

06 

-15 

01 

00 

-07 

— 06 

r 

-18 

-OU 

-12 

03 

06 

1.00 

-OU 

-11 

-08 

-11 

-08 

0 

-16 

00 

-OU 

03 

-15 

-Oil 

1.00 

03 

-01 

09 

01 

H 

— 16 

OU 

16 

07 

01 

-11 

03 

1.00 

-15 

01 

21 

I 

-12 

-11 

-02 

-11 

00 

-08 

-01 

-15 

1.02 

n 

29 

J 

-01 

U 

-ll4 

03 

-07 

-11 

09 

01 

11 

1.00 

03 

K 

-10 

17 

-05 

13 

-06 

-08 

01 

21 

29 

03 

1.01 

IntsrcorrelatioB^  of  Pri««ry j>rs:  Matrix  TT' 

, 'y-,  . 

(DeelBal  )i>oint8  \ 


Factor 


A 

B 

C 

D 

E 

F 

0 

H 

■ 

J 

X 

o 

\ ' 

k 

1.00 

25 

19 

02 

li3 

26 

28 

18 

20 

02 

\ " 

B 

25 

1.00 

-05 

11 

21 

07 

09 

09 

21* 

-13  ■- 

\ 

\N 

\\ 

C 

19 

-05 

1.00 

03 

13 

16 

09 

-li* 

-01 

17 

12.  - 

' "'Vu,, 

'\ 

0 

02 

11 

03 

1.00 

28 

-01* 

03 

-02 

16 

-01* 

V 

-17 

\ 

\ K 

U3 

21 

13 

28 

1.00 

06 

25 

03 

11 

03 

00 

\ 

F 

26 

07 

16 

-Olt 

06 

1.00 

09 

13 

11 

11 

01* 

0 

\ 28. 

\\  ' 

09 

09 

03 

25 

09 

1.00 

02 

08 

-07 

00 

H 

\ 

09 

-lit 

-02 

03 

13 

02 

1.00 

25 

y-Ol* 

-26 

I 

20 

\2l» 

-01 

16 

11 

11 

oOB 

25 

1.00 

-13 

-36 

J 

02 

1-7 

-Oil 

03 

11 

-07 

-01* 

-13 

1.00 

06 

K 

02 

-22 

12 

-17 

00 

ot* 

00 

-26 

-36 

06 

1.00 

\\ 

\ 

\ 


% 


'•\ 


APFEMDIX  D 

Factor  AnalTSia  of  Referonoo  Tests 


,#i: 


Table  D«1  Correlations  of  13  tests  for  UU2  subjects t Matrix  R 


D-2  \Flnal  Matrix  of  residual  oorrelatlonst  Matrix  R. 


D-3  Unrooted  centroid  factor  aatrlx  F, 


w 


D-Ji  Obli(Ktts  transfomation  matrix  A 


1^5  Rotated  ..obUciw  factor  matrix  7 


■\ 


D-6  lAteioomlations^pf  primary  Tsotorst  Matrix  TT* 

.'f  . ./,'■/  > ... 

C /•  ■ '.V-  \-. 


vV”-*.  . 


% 


/ 


Av- 


// 


■\ 


-X 


o 


■)S. 


\\ 


,1:' 


- ^tl-' 


-•^  - - '■T.'Vi-\- 


t 


7AB1£  a-l 


Correlations  of  13  TOsts  for  UU2  Subjects:  Matrix 
(Deoiaal  points  onitted) 


Test 

28 

29 

30 

31 

32 

33 

31* 

IC 

MP 

RCon 

cc 

AR 

RConp 

Tee 

28.  iMtnawBt  Coaqprebaneion 

301*7 

11*01* 

2921* 

2922 

3232 

1996 

29.  lechanioal  nrineiplas 

30l»7 

21*89 

3192 

1*516 

3993 

1666 

30.  Rudder  Control 

UiOU 

21*89 

3028 

0326 

01*62 

^322  1 

31*  CoBidax  Coordination 

292U 

3192 

3028 

1921* 

181*3 

0968  1 

32.  iritteetio  Reasoning 

2922 

U516 

0326 

1921* 

51*1*5 

31*63  1 

33*  Reading  Comprehension 

3232 

3993 

01*62 

181*3 

5U*5 

6109  1 

YooAbuljanr 

1996 

1666 

-0322 

0968 

31*63 

6109 

..  1 

3$.  QLil  and  Table  Reading 

3933 

1780 

0517 

271*1* 

3812 

2792 

2111*  \ 

36.  Spatial  Orientation  1 

2572 

1392 

0180 

2373 

01*86 

31*76 

1850  j 

37*  Coordinate  Beading 

3701 

2859 

-0061 

2262 

3588 

2339 

161*7  I 

38*  Sisoriaination  Reaetim  Tine 

266U 

191*9 

01*51* 

3350 

2276 

20^8 

2101*  1 

39.  Spatial  Orientation  II 

31*65 

3151* 

011*6 

2892 

311*0 

3073 

2Q51*  1 

iiO.  Ronerioal  Operations 

3i(62 

01*08 

-0866 

1537 

U776 

23l*3 

2672 

TABI£  D-l  (Continued) 

CodreUtiona  of  13  Teste  for  UU2  Subjects:  Matrix 
(Decimal  points  omitted) 


Test 

28.  Inatroaent  Comprehension 

29.  Meohanieal  Principles 

30.  Rodder  Control 

31.  ComiOax  Coordination 

32.  Aritteetio  Reasoning 

33.  Reeding  Comprehension 
3b.  Voeabolarjr 

39.  Dial  and  Table  Reading 

36.  Spatial  Orientation  I 

37.  Coordinate  Reading 

38.  Diseriaination  Reaction  Time 

39.  Spatial  Orientation  II 
bo.  Muaerical  Operations 


30 

36 

37 

38 

39 

bo 

DTR 

SOi 

CR 

DRT 

SO2 

MO 

3033 

2972 

3701 

266b 

3U69 

lb62 

1730 

1392 

2899 

19b9 

310U 

0b08 

0917 

0180 

-0061 

OU0b 

01b6 

-0866 

27bb 

2373 

2262 

3300 

2892 

1937 

3812 

0b86 

3088 

2276 

33i»0 

U776 

2792 

lb76 

2339 

2098 

3073 

23b3 

211b 

1800 

I6b7 

210b 

209b 

2672 

iibb8 

0729 

3619 

3291 

0196 

bbb8 

3803 

3228 

U2b7 

2091 

0729 

3803 

2761 

3812 

3911 

3619 

3228 

2761 

2277 

2901 

3291 

U2U7 

3812 

2277 

10b3 

0196 

2091 

39U 

2901 

10U3 

•% 


9 


9 


TABU  IhZ 


Fln«l  Matrix  of  Soaldual  Corralattona  t 
(DooImI  polata  ooittod) 


t 


TOat 

28 

29 

30 

31 

32 

33 

AW  V 

IC 

HP 

ROon 

CC 

AR 

RCoap 

28.  InatzoMBt  Coaprotaonalon 

-01*87 

-0008 

0063 

0390 

29*  Mtehanleal  Prinelplaa 

-01*87 

0239 

-0186 

0306 

-0009 

30*  Rttddar  Control 

-0008 

0239 

-0013 

-0239 

-0110 

31.  Cfl^pluc  Coordination 

4}2l*U 

-0186 

-0013 

0110 

0X61* 

32*  Arittanotie  Roaaoning 

0063 

0306 

-0239 

0110 

0222 

33*  Baadd.ng  Co^arohonaion 

0350 

-0009 

-0110 

0161* 

0222 

3U«  Tooabnlarj 

0221 

-0329 

-0131* 

0097 

0202 

0372 

35*  Dial  and  Tablt  Baading 

0199 

-0103 

oi*ou 

-0100 

0027 

01*86 

36.  Spatial  Oriontation  I 

-01*61 

0178 

O05U 

0019 

0309 

0033 

37*  Coordinato  Roadinf 

0121* 

0307 

Olia 

0208 

-0388 

-0191 

38*  Qiacriaination  Roaction  Tiao 

011*9 

0110 

-0668 

0266 

0223 

-0191 

39*  Spatial  Oriontation  II 

-0193 

-0125 

-0911* 

01*62 

01*93 

-0120 

UO*  Raaarieal  Oporationo 

-01^ 

-<>383 

-01*25 

0108 

01*30 

0170 

0221  : 
-0329  ; 
-013U  i 

0097  I 
0202 
0372  1 


-Oldi  I 

-008U 

-0159 

0U3U 


TAB1£  0-2  (ContlRMd) 

Final  Matrix  of  Raaidual  Correlations:  Matrix  R,. 
(Daeiaal  points  omitted) 


35 

36 

37 

38 

39 

UO 

AWv 

DTR 

SOi 

CR 

DRT 

SO2 

NO 

26.  Inatrument  Comprehanaion 

0199 

-0U61 

012U 

0U*9 

-0193 

-0156 

29*  Maehanieal  Principles 

-0103 

0178 

0307 

OUO 

-0125 

-0383 

30.  Rudder  Control 

OUOU 

005U 

Olia 

-0668 

-05Ui 

-OU25 

31.  Coe^lex  Coordination 

-0100 

0019 

0208 

0266 

OI162 

0108 

32.  Aritteatio  Raaeoning 

0027 

0305 

-0388 

0223 

0»i93 

0U30 

* 

33*  Reading  Go^probansion 

0U86 

0033 

-0191 

-0151 

-0120 

0170 

a 

3U.  Vocabulary 

-006U 

00U6 

-OlOU 

-008U 

-0159 

0U3U 

3$.  Dial  and  Table  Reeding 

0172 

0255 

-0233 

-0217 

0093 

« 

36.  Spatial  Orientation  I 

0172 

-0106 

0238 

0578 

0139 

37*  Coordlnato  Reading 

0255 

-0106 

-0092 

-0275 

0062 

38*  Dlacrlnination  Reaction  Tine 

-0233 

0238 

-0092 

-0081 

0035 

39*  Spatial  Orientation  n 

-0217 

0578 

-0275 

-0081 

ooUl 

UO.  Mwerical  Operationa 

0093 

0139 

0062 

0035 

OOI4I 

I 


TABLE  D-3 


Unrotated  Centroid  Factor  Uatrix 
(Deciaal  points  oaitted) 


Test 


28.  Instrxaent  Coapreheneion 

29.  leebanioal  Frineiplea 

30.  Rodder  Control 

31.  Caq>lex  Coordination 

32.  ArittaaeUo  Reaaoidng 

33.  Reading  Coaprehenaion 
3U.  FoeabuXary 

3$.  Dial  ani  Table  Beading 

36.  Spatial  Orientation  I 

37.  Coordinate  Reading 

38.  Dlaeriaination  Reaotion  Tiae 

39.  Spatial  Orientation  II 
UO.  Roanrical  Operations 


Factor 


^0 

®o 

°o 

®o 

»o 

5U3 

153 

-169 

039 

090 

36 

519 

-071 

~h$9 

069 

02U 

1*9 

160 

129 

-36U  -al»9 

-239 

29 

U80 

272 

-276  -17U 

-280 

1*9 

62$ 

-i»53 

-092 

377 

-160 

77 

612 

-U91 

-119  -166 

193 

69 

U81 

-Jt20 

13U  -329 

178 

57 

672 

191 

338 

156 

-108 

61* 

U8U 

39U 

219  -127 

239 

51 

629 

16U 

179 

313 

126 

56 

U93 

133 

107  -1J*7 

-UO 

31 

150 

-088 

060 

277 

1(2 

U92 

-107 

103 

189 

-293 

91* 

i 

] 

ij 


1 


I 

I 


1 


TABLE  D.-U 


Obliqua  Transformation  Matrix  A 
(Decimal  points  omitted) 


A 

B 

C 

D 

E 

23 

2$ 

29 

33 

35 

30 

-53 

-18 

-16 

5B 

10 

-51 

51 

OU 

-33 

-72 

73 

50 

3lt 

-53 

35 

30 

—60 

65 

table-d-5 


Rotated  Obliqoe  Factor  Matrix  V 
(Deeiaal  polnta  oaltted) 


/) 

/r 


Tost 


28.  Inatrunant  Conprehenalon 

29.  Meohanioal  Principles 

30.  Rudder  Control 

31.  Ccaplez  Coordination 

32.  Arittaetie  Reasoning 

33.  Reading  Conprehension 
3U.  VooabuaiT 

35.  Dial  axKl  Table  Reading 

36.  Spatial  Orientation  I 

37.  Coordinate  Reading 

38.  OiserlBinatlon  Reaction  Time 

39.  Spatial  Orientation  II 
UO.  Humerlcal  Operation 


Factor 


A 

B 

C 

D 

E 

23 

OU 

27c 

03 

3h 

37 

08 

U5 

-03 

16 

50 

-01* 

03 

-09 

-09 

59 

-02 

02 

06 

07 

03 

06 

5U 

52 

-02 

03 

59 

26 

02 

-01 

-09 

66 

-Ol» 

02 

-07 

^1 

-05 

07 

51 

3U 

-00 

11 

-06 

-00 

52 

-10 

-09 

33 

35 

51 

20 

12 

-09 

21 

11 

07 

10 

31 

-02 

U8 

-11 

-01 

—00 

66 

-00 

TABLii  n-6 


Int«rcorr«lation8  of  primary  irectorst  Matrix  TT’ 
(Decimal  points  omitted) 


Factor 

A 

B 

c 

D 

E 

A 

1.01 

30 

^2 

32 

35 

B 

30 

1.00 

15 

U6 

32 

C 

^2 

15 

1.00 

-OU 

-37 

0 

32 

U6 

4)U 

1.01 

37 

E 

3$ 

32 

-37 

37 

1.01 

k '4^ 


